Studies of some biologically active compounds by Chong, Chok Ngee
STUDIES OF SOME BIOLOGICALLY ACTIVE COMPOUNDS 
by 
CHONG CHOK NGEE 
A thesis submitted in partial fulfillment 
of the requirements for the degree of 
DOCTOR OF PHILOSOPHY 
in the 
Australian National University 
Research School of Chemistry, 
CANBERRA, A.C.T ~ 
t 
February, 1972. 
DECLARATION 
The work described in this thesis was carried out 
during the tenure of a research scholarship from the 
Australian National University (February 1969 to 
February 1972) under the supervision of Professor R.W. 
Rickards. No part of this work has been submitted in 
support of an application for another degree. 
Candidate ' s Signature 
ACKNOWLEDGEMENTS 
I wish to express my sincerest thanks to Professor 
R.W. Rickards for his kind advices, encouragement and, 
above all, his excellent supervision. His patience and 
tremendous sense of humour in difficult times have made 
my three years' stay in the Research School a most enjoy-
able and profitable one. 
I would also like to thank Professor A.J. Birch, 
F.R.S.,F.A.A., for the provision of laboratory facilit-
ies to carry out the present work. 
Special thanks are due to Mrs. M. Anderson for the 
microbiological fermentation work. 
We thank Ors. F.L. Weisenborn and J.D. Dutcher of 
the Squibb Institute for Medical Research, New Brunswick, 
New Jersey, U.S.A., for generous samples of nystatin. 
A narbomycin-producing strain, Streptomyces sp. 
A 27834, obtained through the courtesy of Dr. R.H. 
Williams of Eli Lilly Research Laboratories, Indiana, 
U.S.A., is gratefully acknowledged. 
Professor S . Shibata, University of Tokyo, was kind 
enough to provide us with an authentic sample of catenarin. 
I wish to gratefully acknowledge the assistance from 
Messrs. C. ArandJelovic, K.M . Kinealy and K.W. Goggin, in 
running nuclear magnetic resonance and mass spectra. The 
assistance from other technicians, staff and colleagues 
of this School is appreciated. 
I am indebted to the Australian National University 
for the award of a research scholarship. 
TABLE OF CONTENTS 
PART I 
STUDIES IN MACROLIDE ANTIBIOTICS 
CHAPTER 1 MACROLIDE ANTIBIOTICS 
(i) General introduction 
(ii) Stereochernistry 
(a) Celmer's configurational model 
(b) 12- and 14-rnembered rnacrolides 
(c) 16-rnembered rnacrolides 
(d) Polyene macrolides 
CHAPTER 2 THE STRUCTURE OF NYSTATIN 
(i) Previous work 
(a) Orientation of the diene and tetraene 
functions 
(b) Carbon skeleton and oxygenation pattern 
(c) Structure and stereochemistry of 
mycosamine 
(ii) Present work 
(a) A note on the purity of nystatin 
(b) Nuclear magnetic resonance studies 
(c) Position of lactonization 
(d) Position of mycosamine 
(e) The glycosidic form of mycosarnine 
(f) Existence as a hemiketal 
(g) An NMR analysis of some mycosarnine 
derivatives 
(h) The absolute configuration at C34, 35, 
36 and 37 
Page 
1 
5 
6 
7 
10 
12 
16 
17 
17 
19 
19 
20 
21 
25 
27 
32 
34 
41 
44 
(i) The relative configuration at C3 and 5 48 
EXPERIMENTAL 55 
I 
CHAPTER 3 STEREOCHEMISTRY OF PICROMYCIN AND 
NARBOMYCIN 
(i) Introduction 
(ii) The absolute configuration at Cl2 and 
13 in picromycin 
(iii) The absolute configuration at Cl2 and 
13 in narbomycin 
(iv) The asymmetric centre at C2 in picromycin 
and narbomycin 
( V) The total absolute stereochemistry of 
narbomycin 
EXPERIMENTAL 
PART II 
Page 
65 
67 
68 
78 
80 
82 
STUDIES ON METABOLITES FROM MICROBIOLOGICAL FERMENTATIONS 
CHAPTER 4 SOME METABOLITES FROM HELMINTHOSPORIUM 
BISEPTATUM 
(i) Introduction 
(ii) Characterization of metabolites 
(iii) Bioassay 
91 
92 
99 
EXPERIMENTAL 102 
CHAPTER 5 DIKETOPIPERAZINES FROM STREPTOMYCES 
A 27834 
(i) Introduction 
(ii) Characterization of diketopiperazines 
(a) Acid hydrolysis and detection of amino 
acids 
(b) Spectroscopic evidence 
EXPERIMENTAL 
107 
108 
108 
109 
112 
PART III 
ANTI CAP SIN 
CHAPTER 6 A PRELIMINARY SYNTHETIC INVESTIGATION 
( i ) 
(ii) 
(iii) 
( i V) 
( V) 
(vi) 
Introduction 
Carbon skeleton and functionalities 
0-alkylation of L-tyrosine 
The problem of solubility and intra-
molecular Michael addition 
Birch reduction of N-phthaloyl-0-hexyl-
L-tyrosine 
The problem of conjugation 
(vii) Basic hydrogen peroxide reaction 
(viii) 3-Chloroperbenzoic acid reaction 
(ix) Removal of protective groups 
EXPERIMENTAL 
REFERENCES 
Page 
115 
116 
117 
118 
123 
128 
130 
132 
133 
137 
151 
SUMMARY 
Further structural work on the clinically important 
polyene macrolide antibiotic, nystatin, defines the 
position of lactonization at C-37 in the c
41 
aglycone. 
Evidence is also presented relating to the ring-size of 
the attached amino sugar mycosamine (3-amino-3,6-dideoxy-
D-mannose) and defining its location at C-19 on the lact-
one ring. Optical rotatory dispersion studies suggest 
that nystatin, as well as three other polyene macrolides, 
probably exists in the hemiketal form in neutral 
solution. The stereochemistry of some asymmetric centres, 
notably those at C-3, 5, 34, 35, 36 and 37, is also 
described. 
The absolute configurations at Cl2 and 13 in 
picromycin and narbomycin are determined. The asymmetric 
centre at C-2 in both these macrolides is also examined. 
Some metabolites from Helminthosporium biseptatum, 
a fungal pathogen which causes sterility, abortion and 
paralysis in sheep, have been isolated and examined. A 
number of diketopiperazines from a narbomycin-producing 
strain, Streptomyces sp.A 27834, was isolated and 
characterized. 
A preliminary synthetic investigation of anti-
capsin, a metabolite which inhibits the formation of 
hyaluronic acid capsules of Streptococcus pyogenes, is 
described. 
PART I 
STUDIES IN MACROLIDE ANTIBIOTICS 
1 . 
CHAPTER 1 
MACROLIDE ANTIBIOTICS 
(i) General introduction 
The term "antibiotic" was introduced 1 into the 
literature in 1942 , although it had been realized for 
many years that certain microorganisms were able to exert 
antagonistic effects upon other microorganisms. In many 
cases , the antagonist was shown to produce an active, 
isolable substance, the antibiotic, which was responsible 
for the biological activity . Early antibiotics such as 
gramicidin were effective 2 against streptococcal and 
pneumococcal infections in animals , and streptomycin 3 was 
in 1944 the first actinomycetes-derived antibiotic to 
find clinical application although Fleming 4 had already 
suggested that penicillin could be used as a dressing for 
septic wounds. With the discovery in 1950 of picromycin 5 , 
followed in 1952 by erythromycin 6 and in 1953 of methy-
. 7 d . 8 mycin an magnamycin , it became apparent that another 
extensive family had been disclosed, several members of 
which were valuable chemotherapeutic agents. This class 
of biologically active substances elaborated by Strepto-
myces species is characterised by a macrocyclic lactone to 
which the term "macrolide" was applied in 1957 by Wood-
9 
ward. The remarkably successful clinical application of 
macrolide antibiotics in the ensuing years has naturally 
aroused widespread interest in the investigation of these 
compounds by structural organic chemists. It had been a 
particularly active period for carbohydrate chemists since 
2 • 
many of these antibiotics contain sugars of unusual, and 
often unique, structures (Table 1). The large number of 
macrolides now known can be conveniently and unambiguously 
divided into two main groups based on biological activity 
and structure. 
The first group, some of whose members formed the 
basis for the original definition, are the non-polyene 
. d 10 macroli es . They exhibit significant biological activity 
. . . b . 11 against gram-positive acteria . To date more than twenty 
members of this group have been reported and for most of 
them structures have been assigned. They have ring sizes 
of 12, 14 and 16 atoms and a short chromophore, the longest 
being a dienone, for example, tylosin (1) 12 . One of the 
characteristic features of this group is the glycosidic 
attachment of unusual carbohydrate moieties at various 
positions of the multiply methyl-branched aglycone. Methy-
mycin (2) 13 the first to be structurally elucidated, 
picromycin (3) 14 the oldest known macrolide, neomethymycin 
(4) 15 and narbomycin (5) 16 each contain the dimethylamino 
sugar d . 17 D- esosamine ( p 2 Table 1 ) . Erythromycin A 
19 ( 7) and C (8) 20 , besides having D-desosamine 
also contain the methoxy sugar cladinose (P7). In magna-
. (9)21 (10)21,22, . d . (11)23 d 1 mycin A , B nid amycin an euco-
mycin A 3 (12)
24 
a different dimethylamino sugar mycaminose 
(P3) 25 and isovaleryl mycarose (Pl0) are present. Other 
representative examples of this group are oleandomycin 
(13) 26, h f . t e oromacidins (or spiramycins) (14) 27 , chalco-
mycin (15) 28 and lankamycin 29 (16) where the P's are the 
code numbers for the respective macrolide sugars listed in 
Table 1 
Code Trivial name Rl Rl R3 
Pl D-Mycosamine OH H NH2 
P2 D-Desosamine H OH N(CH3) 2 
P3 ~ D-Mycaminose H OH N(CH3) 2 
P4 D-Chalcose H OH OCH3 
PS D-Mycinose H OCH3 H 
P6 L-Oleandrose H H H 
P7 L-Cladinose H H 0~3 
PS L-Mycarose H H OH 
pg L-Arcanose H H OCH3 
PlO L-Isovalerylmycarose H H OH 
Pll Forosamine H H H 
R4 
H 
H 
H 
· H 
_OCH3 
OCH3 
CH3 
CH3 
CH3 
CH3 
H 
RS 
H 
H 
H 
H 
H 
OH 
OH 
OH 
H 
occttJ.}:3 
. \ 
0 CH3 
H 
R 6 
OH 
H 
OH 
H 
OH 
H 
H 
H 
Ac 
H 
N(CH3) 2 
R7 RS 
CH3 H 
CH3 H 
CH3 H JR., ' 
CH3 H fs o, 0~ 
CH3 H 
H CH3 R6 
H CH3 R4 R2 
H CH3 
p 
H CH3 
H CH3 
H CH3 
0 
(1) 
0 
(3) R • OH 
(5) R • H 
0 
(9) R • OAc 
(ll)R • OH 
CHO 
OH 
p2 
CHO 
R 
0 
(2) R1 • H, R2 • OH 
(4) R1 • OH, R2 • H 
0 
Rl 
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(6) p7 
(7) P7 (8) PS 
0 
0 
OH 
p2 
CHO 
0 OAc 
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1½ 
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CHO 
(12) (13) 
CHO OH 
0 
(14) R • OH, OAc, OCOCH2CH3 (lS) 
0 OH 
OH 
(16) 
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Table 1. It is notable that these sugars possess a 6-deoxy 
function. Their configurations and preferred conformations 
are well established. It has been postulated that all 
30 
macrolide sugars are derived from D-glucose . 
t 
10,31 The second group of macrolides, the polyene ype , 
lack the antibacterial activity of their non-polyene 
analogues but exhibit strong biological activity against 
32 fungi and yeast and may be of value in the treatment of 
h h 1 1 . . h d . 33 yperc o estero emia, prostatic ypertropy an obesity . 
The structurally defined members of the polyene subgroup 
have ring sizes of 26, 28 and 38 atoms. The 26-membered 
ones are pimaricin (17) 34 , lucensomycin (18) 35 , tetrines 
A (19) 36 and B (20) 37 . Fungichromin (or lagosin) (21) 38 
and filipin 39 (22) are 28-membered, whilst the 38-membered 
ones include amphotericin B (23) 40141 , candidin (24) 42 and 
t . (25 Pl R -- H) 43 . nysta in + , Their aglycone carries a 
poly-hydroxyl system with few methyl branches and most 
noticeable of all an extended chromophore of 4-7 conjugated 
double bonds. 
be envisaged. 
Three subdivisions of the polyene group can 
The members of the first subdivision, mainly 
pentaenes, have no sugar substituent, for example, filipin. 
Those in the second subdivision have tetraene or heptaene 
chromophores and the amino sugar . . 44 substituent mycosamine 
(Pl in Table 1), for example, nystatin and amphotericin B. 
The third subdivision is composed of heptaenes, for 
example, h . 45 amycin , which on degradation yield p-aminoaceto-
phenones or related compounds. Some fifty polyene macro-
lides are known but they lag behind the non-polyenes in 
structure elucidation. 
OH 
OH 
R 
HO OH 
OH 
OH 
(21) R • OH 
(22) R • H 
OH 
(17) 
(18) 
(19) ll • H 
(20) R • OH 
R 
OH 
OH 
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OH 
OH 
R 
OH 
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Inspection of the structures of the macrolides reveals 
that many structural modifications have occurred. They in-
elude partial reduction of carbonyl groups , elimination of 
oxygen functions, oxidation of methyl groups, epoxidation or 
hydrogenation of carbon-carbon double bonds and cleavage of 
epoxides to glycols. It is not certain whether or not the 
polyenes are merely a continuation of the non-polyenes, 
especially with the apparent discontinuity between the two 
groups. Biogenetic evidence indicates that both types have 
mainly an acetate-propionate origin. 46 Birch et al. 
demonstrated that the aglycone of methymycin (2) was cons-
tructed from five "propionate" and one "acetate" units. 
The aglycone of erythromycin A (6) is derived entirely 
from seven "propionate" . 47 units . Detailed information has 
also been published on the mode of biosynthesis of two 
polyene macrolides, nystatin (25 + Pl) and lucensomycin 
( 1 8) . The aglycone of the former was shown to be derived 
from sixteen "acetate" and three "propionate" units 48 and 
the latter from two "propionate" and twelve "acetate" 
. 49 
units . The utilization of mainly "propionate" units 
appears to be typical of non-polyenes and is reflected in 
the frequent branching in their structures. The polyenes, 
on the other hand, contain few methyl branches and therefore 
would be expected to be derived mainly from "acetate" 
units. A bridging class of macrolides would be required 
to have ring sizes of between 17 and 26 atoms with prop-
erties of an intermediate nature. The structure and bio-
logical activity of borrelidin (26) 50151 make it unique 
among the macrolides. The presence in particular of the 
OH 
CO H 
G 2 . 
CN 
l 26) 
co2H 
CH - OH 3 
H OH 
CO2H CH2 I 
CH
3 
( 27 J 
{ 28) 
5 . 
carbocycle, together with the nitrile, and lack of a sugar 
means that it does not fit into any of the existing macro-
lide classes. Its activity also differentiates it from the 
antibacterial non-polyene or antifungal polyene macrolides. 
. . 11 50,52 Biogenetica y , it has been shown to be derived from 
six "propionate" and five "acetate" units. Being an 18-
membered macrolide it may well represent the first member 
of this bridging class of macrolides. 
The investigation of the antimicrobial activity of 
filtrates of microorganisms of the order Actinomycetales 
has shown that the genus Streptomyces is a promising source 
of antibiotics. Depending on the cultural conditions, a 
microorganism can produce different metabolites, for 
example, 53 Streptomyces venezuelae can produce methymycin 
(2) or picromycin (3) by a modification of the culture 
medium. It is also not unusual for a microorganism to 
produce more than one macrolide in a particular medium, 
for example, leucomycins Al-A9 from Streptomyces Kitasoto-
. 5 4 
ensis Hata . Because of the molecular complexity of macro-
lides, structures have been reported at a much slower rate 
than their isolation. Very often a "new" macrolide has been 
shown to be already known, for example, amaromycin and albo-
mycetin are both picromycin (3) 55 . 
(ii) Stereochemistry 
Considerable efforts have been directed towards the 
elucidation of the full stereochemistry of the numerous 
asymmetric centres of the aglycones of macrolides. All 
possess an asymmetric centre a to the ring oxygen atom and 
with the exception of magnamycin (9), the spiramycins (14 ) , 
6 • 
leucomycin (12), tylosin (1), pimaricin (17) and lucenso-
mycin (18), another in the S-position. These two centres 
are of considerable biogenetic interest. The a-centre is 
the ring-closing atom and carries an alkyl side chain which 
may be hydroxylated, for example, neomethymycin (4). This 
centre has the same absolute configuration in a number of 
macrolides. In the non-polyenes the S-centre is one of the 
asymmetric centres of the aglycone where "extra" oxygen 
functions frequently appear. "Extra" oxygen refers to 
oxygen functions, which are present on the formerly methine 
or methylene positions of the S-polyketide precursor and 
are not thus derived from the original keto groups. For 
example, picromycin (3) is structurally a 12-hydroxynarbo-
mycin. 
(a) Celmer's configurational model 
Celmer, in 1965, reported the total absolute configur-
. f 1 d ' 26 d d f. ' 1 ation o o ean omycin an propose a con igurationa 
56 
model , essentially for non-polyene macrolides, based on 
an examination of common features and their biosynthesis. 
This model is tied in with Gerzon's "propionate 57 rule" 
and Klyne's "glycoside rule 1158 . The first rule was based 
on the conspicuous regularity of recurring three-carbon 
units in non-polyene macrolides while the second is a carbo-
hydrate corollary which states that any L- or D-6-deoxypyrano-
side substituent bears an a-L - or S-D specification at the 
anomeric centre. The model's nucleus can be specified as 
(2R:3S:4R:5S:6S:8R:10R :11S:13R)-2,4,6,8,10,12-hexamethyl-
3,5,11,13-tetrahydroxy-9-keto-tridecanoic acid-1,13-lactone 
which is represented as a Fisher projection in Chart 1. No 
!. I II I III IV V VI 
- - --
0 0 0 0 
• t-- • • • • CHART 1 
I Celmer's model 
--0~ o:J,,, • 0~ -o-i -o-f ' II Picromycin 
III Methymycin 
•t-- . •t-- •·t- •+- IV Narbomycin . 
V Erythromycin 
-o~ ~-1• -o-f• 
-J -l VI Oleandomycin 
• ~ ---1• • 0- • substantiated to date 
• • 
0 0 0 0 
-01 l- ' ' -0--I - o - • • I I <.J 
• • • I 
0 0 0 0 0 0 
I I I I I I 
7 . 
provisions are made to predict the configurations at exo-
cyclic asymmetric centres, the geometric configurational 
possibilities arising from olefinic bonds or the precise 
position of the sugar ( s) . To strive for maximal accord with 
the 14-membered configurational model strategic elongation 
(e . g . methymycin (2)) or compression (e.g. leucomycin A3 
(12)) would be required of macrolides which deviate from 
this ring size, according to Celmer. 
The 12- and 14-membered macrolides are closely related 
structurally and biosynthetically but differ in many respects 
from the 16-membered counterparts. They will be discussed 
separately so as to bring out certain inherent differences 
between them and at the same time to illustrate the working 
of the above configurational model. The polyenes are dis-
cussed as a group themselves. 
(b) 12- and 14-membered macrolides 
The three-dimensional shape of the 14-membered macro-
lide erythromycin A in the crystal form was reported in 
1965 59 from the results of an x-ray crystallographic study . 
At about the same time that the crystal structure of erythro-
mycin A was determined (and also its complete stereochemistry) 
Celmer reported the configurations of the aglycone carbon 
f 1 d . 26 h ' h atoms o o ean omycin w ic were identical with the re-
lated carbon atoms in the erythromycin molecule (Chart 1). 
The presence of "extra" oxygen functions at asymmetric 
centres apparently do not affect the absolute stereochemistry. 
This is consistent with the configurational retention feature 
known for oxygenase 
figurational model. 
60 
systems as postulated in Celmer's con-
The p:-esence of "extra" oxygen functions 
8 • 
usually as hydroxyl groups is very characteristic of this 
group. These are found at Cl2 in neomethymycin (4), erythro-
mycins A (6) and C (8) and picromycin (3), Cl0 in methymycin 
(2), C8 in oleandomycin (as an epoxide) (13) and lankamycin 
(16) and C6 in erythromycins A (6), B (7) and C (8). Only 
one compound, narbomycin ( 5) lacks an II extra II oxygen 
function. 
Oxidative degradation of methymycin (2), neomethymycin 
(4), narbomycin (5) and picromycin (3) yields the (+)-
lactonic acid (27) 61 - 63 whose absolute stereochemistry has 
been designated as (2R 63 , 3s 63 , 4s 64 , 6R 64 ). Extension of 
these assignments to the parent macrolides defines the 
partial absolute configuration of methymycin and neomethy-
mycin as (2R, 3S, 4S, 6R) 63 ' 64 and of narbomycin and picro-
mycin as 8R) 63,64_ (4R, 5S, 6S, The same degradation sequence 
also gives (+)-erythro-2,3-dihydroxy-2-methylpentanoic acid 
(28), whose absolute configuration has been established as 
(2R, 3R) 65 , from methymycin. This leads to the final 
aglycone designations (l0S, 11R) 65 in methymycin. These 
findings are again in accord with the configurational model, 
although methymycin and neomethymycin require a strategic 
elongation to match the model. The formation of the latter 
two 12-membered macrolides from the same microorganism which 
can d . . 5 3 pro uce picromycin , suggests they are formed along the 
same biogenetic pathway but suffer premature cyclization, 
preventing the addition of the last chain-extending unit. 
The problem associated with the C2 centre in picromycin 
(3) and narbomycin (5) will be discussed in the next 
chapter. 
9 • 
The known members of this group all contain a desosamine 
sugar , 3 , 4 , 6-trideoxy-3-dimethylamino-D-xylo-hexopyranose 
(P2 in Table 1) in a 1,5-relationship to the ketone, except 
for lankamycin (16) which has an unrelated neutral sugar 
D- chalcose (P4) in this position . D-desosamine has been 
shown to be in S - glycosidic linkage to the aglycone in picro-
mycin (3) 50 , methymycin (2) 65, h h . 59 t e eryt romycins ( 6 ' 7 and 
8) and oleandomycin (13) 26 . 
configuration in lankamycin 29 
D-chalcose has also this anomeric 
On the other hand, L-cladin-
ose (P7) in the erythromycins, L-oleandrose (P6) in oleando-
. 26 d mycin an L-arcanose ( p 9) 1 k . 29 h an amycin ave an a-
glycosidic linkage . The anomeric configurations of macrolide 
sugars are in agreement with Klyne ' s glycoside rule 58 and 
hence the configurational model. Neomethymycin (4) and 
narbomycin (5) are expected to have D-desosamine in S-
glycosidic linkage to the aglycone. 
This smaller ring macrolide group can be sub-divided 
into those compounds whose chain starting unit, either 
"acetate" or "propionate" is extended solely by "propionate", 
for example, erythromycin A (6), or is extended by an 
"acetate" as well as "propionate" units, for example, picro-
mycin (3) and methymycin (2). The fully "propionate" com-
pounds contain only saturated ketones, whereas in all the 
partially "acetate" derived compounds the keto group from 
the " acetate " uni t i s u n saturated giving r i s e to an a, S-
unsaturated ketone. Thus it seems that elimination is per-
mitted by the absence of the C-methyl group at Cl0 in 14-
or C8 in 12-membered macrolides. A methyl group in this 
position is probably preventing dehydration in the "pro-
10. 
pionate" compounds either by steric hindrance with the enzyme 
or because it has replaced the hydrogen needed for eliminat-
ion . As mentioned before, Celmer's model cannot predict the 
geometric configurational possibilities arising from olefinic 
bonds. Nuclear magnetic resonance studies have shown a 
trans-orientation for the olefinic protons 
. 65 
and methymycin 
. . . 50 in picromycin 
(c) 16 - membered macrolides 
Members of this group include the magnamycins (9, 10), 
niddamycin (11), spiramycins (14), leucomycins (12), 
tylosin (1), and chalcomycin (15). They appear to have only 
the basic macrolide biosynthesis in common with the smaller 
macrolides with the aglycone largely composed of "acetate" 
rather than "propionate" units. Biosynthetic studies of 
magnamycin seem to suggest that the lactone backbone of this 
macrolide is synthesized from eight "acetate" and one 
"propionate" units, the branching methyl group arising from 
C3 of the "propionate" . 66 unit . The sugar desosamine has not 
been found in this group of macrolides. The longest chromo-
phore present is a dienone which may have suffered oxidation 
to give y,o-epoxy-a,S-unsaturated ketone, or reduction of 
the carbonyl to give allylic hydroxylic compounds. 
The crystal structure of demycarosyl leucomycin A3 
67 hydrobromide has been reported . The corresponding leuco-
mycin A3 structure based on this x-ray diffract ion study 
would differ from that arrived at chemically 24 . A more 
recent report 68 has confirmed that the correct structure 
is the one arrived at chemically, because leucomycin A3 (12) 
underwent allylic rearrangement on acid hydrolysis with the 
11. 
transfer of the hydroxyl at C9 to Cl3. The x-ray structure 
of the hydrobromide 67 , however, gives the configurations at 
C3, 4, 5 , 6 , 8 and 15. That at C9 was also determined by 
chemical transformation of leucomycin A3 followed by approp-
68 
riate physical correlation methods . The total absolute 
configuration of leucomycin A3 is thus established. The 
configurations at C6, 8, 12, 13 and 15 in magnamycin A (9) 
h 1 d b 1 , h 22 ave area y een estab is ed and since this macrolide could 
be converted to magnamycin B (10) chemically 9 ' 21 , they have 
the same stereochemistry at the corresponding asymmetric 
centres. Furthermore, leucomycin A3 could be converted to 
· b ·1d 'd · 24 magnamycin B y mi oxi ation . This correlation technique 
therefore establishes the total absolute configuration of 
magnamycin Band hence magnamycin A. Two asymmetric centres 
. . 20,27,69 d h l . 28 
spiramycin an ca comycin have also been 
established. 
Apparently, the 16-membered macrolides deviate consid-
erably from Celmer's model and this is not unexpected in 
view of the differences in biosynthetic details between 
them and the smaller ring size macrolides. A certain degree 
of harmony can be achieved by a strategic compression and 
the employment of imagined functionalities, such as methyl 
groups, at certain centres. A model for the 16-membered 
macrolides is proposed here and is based on the total abso-
lute configuration of leucomycin A3 , magnamycin A and, 
partially, Celmer's model. This proposed model (Chart 2) 
is a strategically elongated form of Celmer's model. 
mycin has imagined methyl groups at C4 and 12. 
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(d) Polyene macrolides 
So far, work on polyene macrolides has been centered 
mainly on structural elucidation without much regard to their 
stereochemistry. To date nine polyene macrolides have been 
structurally defined and work from here on should logically 
be concerned with the stereochemistry of the numerous 
asymmetric centres, ranging from nine to fourteen, on the 
aglycone, in the hope that possible significant stereo-
chemical regularity could be established. 
56 Celmer has postulated that all non-polyene macrolides, 
and parts of the polyene macrolides, are formed by essent-
ially the same biogenetic route and would therefore be ex-
pected to have the same stereochemistry. Numerous config-
urational specifications of non-polyenes are in accord with 
the stereochemical model which he proposed. The larger ring 
size of polyenes obviously requires a radically expanded 
framework model as a counterpart together with the knowledge 
of the total absolute configuration of an appropriate polyene 
macrolide. 
The recently published x-ray crystal structure of the 
N-iodoacetyl derivative of amphotericin B (23) gives the 
total absolute configuration of its fourteen asymmetric 
centres on the 41 aglycone . Nystatin (25 + Pl, R = H) , 
pimaricin (17), lucensomycin (18), candidin (24) and tetrines 
A and B (19, 20) have in common with amphotericin B the 
presence of mycosamine (Pl in Table 1) and a similar struct-
ural segment Cl3-Cl9 of amphotericin B, assuming all the 
macrolides also exist in the hemiketal form 41 . Amphotericin 
B, nystatin and candidin have additional similar features at 
1 3 • 
Cl - C6 , Cll - Cl2 and C34-C37. Candidin has a carbonyl at C7 
which corresponds to the C7 hydroxyl in nystatin after 
enzymic reduction presumably. The configuration at C7 and 
ClO in nystatin cannot be predicted from the amphotericin B 
model because the latter does not possess asymmetric centres 
at these carbon centres. A suitable polyene macrolide model 
would be one where the aglycone carries appropriate asymmetric 
centres corresponding to those in all other polyene macro-
lides . For the moment a framework patterned after some yet 
to be deciphered absolute configuration of an appropriate 
polyene macrolide, as a counterpart to Celmer's model for 
non-polyenes , is yet to be found. A model of this kind would 
be hard to come by , in view of the many variant features 
evidently present in polyene macrolides. 
The complete stereochemical problem is a formidable 
one and, apart from the one application of x-ray crystallo-
graphy, the general approach to defining the various asymmetric 
centres is essentially a classical one based on the chemical 
degradation of the compound to suitable fragments containing 
the asymmetric centres and comparing them with authentic 
samples of known absolute configuration. For 38 example , 
reductive ozonolysis of fungichromin (21), followed by 
periodate oxidation, lithium aluminium hydride reduction and 
acetylation gave optically active 1,2-propanediol diacetate. 
This corresponded to D-(+)-1,2-propanediol diacetate syn-
thesised from D-(+)-calcium lactate by methylation, lithium 
aluminium hydride reduction and acetylation. Thus the 
absolute configuration at C27 in fungichromin is D. Re-
ductive ozonolysis of fungichromin followed by lithium 
14. 
aluminium hydride reduction and acetylation gave optically 
active 1,2,3-butanetriol triacetate which corresponded to 
synthetic dl-erythro-1,2,3-butanetriol triacetate and thus 
also established the absolute configuration at C26 as L 
with reference to the D-configuration at C27. Fungichromin 
therefore has an absolute configuration 26S:27R 38 as based 
70 
on the Cahn-Ingold-Prelog nomenclature . The ring closing 
carbon atoms in lucensomycin (18) 71 , pimaricin (17) 71172 
. . . 7 3 h f. . and rimocidin each have t e R con iguration. Filipin 
(22) which is a 14-deoxy-fungichromin probably has a 
26S:27R configuration and the same stereochemistry at 
the corresponding carbon centres. 
41 The x-ray structure of the N-iodoacetyl derivative 
of amphotericin B represents the first substantial contrib-
ution of x-ray crystallography in polyene macrolides. In 
the case of pimaricin, various crystalline heavy-atom 
derivatives were prepared but proved to be unsuitable 74 . 
It has been suggested that the polyene macrolides may ex-
hibit conformational disorder even in their crystals, 
74 leading to blurring of x-ray photographs . 
Another recent development in the macrolide field is 
the transformation, chemically or biologically, of one 
macrolide into another. Leucomycin A3 was converted by 
mild oxidation into the known macrolide magnamycin B24 
The biological transformation of narbomycin into picromycin 
75 has been reported . Interrelations of this type should 
lead to a more rapid determination of stereochemistry. 
The large number of protons make nmr spectroscopy of 
limited use in this field. However , suitable ring compounds, 
15. 
such as rigid or anancomeric l , 3 - dioxanes 76 have been found 
to be useful in stereochemical st u dies by nmr, and may be 
of value as applied to polyene macrolide degradation 
products . 
16. 
CHAPTER 2 
THE STRUCTURE OF NYSTATIN 
Nystatin, the first of the polyene macrolides to be 
discovered, was isolated in 1950 from a culture of Stre_eto-
. 77 It is the most commonly used myces noursei one in 
anti fungal therapy 78,79 and be of value the treat-may in 
ment of hypercholesterolemia, prostatic hypertropy and 
. 33 
obesity . A description of its chemical and physical 
properties was not reported until several years after its 
discovery and its long record of chemical studies is a re-
flection of the chemical complexity of polyene macrolides 
in general. 
(i) Previous work 
Accumulated analytical data 80 indicated formulae 
c 46 _ 47 H73 _ 75 No 18 for nystatin and the partial structure 
( 29 ) d h b . f b' h . 48 d was propose on t e asis o iosynt etic an 
h . 181 c emica evidence. Extension of this work by Ikeda, 
Suzuki and DJerassi led to a proposed structure (25, R = 
) 80 . OH for nystatinolide, lts hypothetical aglycone. 
Further evidence by Manwaring and Rickards necessitated the 
modification of structure (25, R = OH) to (25, R = H) 43 and 
with the attachment of the amino sugar, mycosamine (Pl in 
Table 1) would lead to the molecular formula c 47 H75 No 17 for 
nystatin itself. A summary of previous work which led to 
the formulation of structure ( 25, R = H) for nystatinolide 
is presented to facilitate further discussion on studies of 
this clinically important macrolide. 
Me Me OH OH 
I I I I 
M1H-CHrH-1- (CH•CH) 2-cH2C"2- (CH-CH) 4- CH-CH2CH 
0 OH OH 
\ fOOH 
(29) 
C(C6_7H11 _13o3)-CH-CH2-CH-CH- CHCH2- CCH2 II I I I I II 
0 mycosamine OH OH OH 0 
Me Me 
I I 
MeCH-CHCH -C - (CH-CH) 2- (CH2) 2- (CH- CH) 5- COO I I I 
(30) 
OH OH R 
(31) 
(32) 
(33) 
(34) 
(35) 
(36) 
(37) 
17. 
(a) Orientation of the diene and tetraene functions 
Like other polyene antibiotics elaborated by Actino-
mycetes of the immense genus Streptomyces, nystatin exhib-
its very characteristic multipeaked ultraviolet absorption 
spectra (:\ 292, 
max 
304.5 and 318 nm; 1% E 1 560, 850 and cm 
770 respectively) indicative of a conjugated tetraene 
79 , 82 
system . A conjugated diene system was also inferred 
31 from an additional absorption peak at 231 nm . 
The isolation of . . . d81 succinic aci on nitric acid oxid-
ation of nystatin led to the conclusion that the two 
chromophores must be separated by two methylene groups. 
A heptaenal with the then proposed structure (30, 
R = OH) was obtained on mild treatment of nystatin with 
. 81 
alkali . The ultraviolet absorption A 229 and 380 nm 
max 
(20 , 000 and 45,000 respectively) indicated the presence of 
diene and pentaenal chromophores. The correct structure 
(30 , R = H) 43 for the heptaenal had since been verified by 
accurate mass measurement (Found: + M m/e 370.25154, 
c 24 H34 o 3 requires M+ 370.25078) and nmr studies and thus 
established the orientation of the diene and tetraene 
chromophores in nystatin. 
(b) Carbon skeleton and oxygenation pattern 
High pressure hydrogenation of nystatin followed by 
esterification with diazomethane gave seven methyl esters 
(31-37) 80 . The dicarboxylic acid ester (35) required the 
location of the secondary carboxyl group at Cl6 while 
structures {32, 33, 34, 36 and 37) necessitated the pres-
ence of oxygen functio ns at C7, 10, 13 and 17. Isolation 
of the diol-acetal 80 {38) on successive treatment of 
OH OH 
(38) 
CHO 
(39) 
CHO H• 
OH H OH 
CH3 
OH 
NH2 H 
H 
H OH H H,OH 
H OH 
CH3 
(40) 
18. 
nystatin with periodic acid, alkaline hydrolysis and 
diazomethylation established three further oxygen functions 
at C3, 5 and 11. The presence of the system -CHOH-CH 2 co-
CH 2 -CHOH- was inferred by the isolation of acetone by alka-
. 
81 f ' d 1 . 11 . . d line treatment o nystatin an ogica y positione a 
keto group at Cl3 and two hydroxyls at Cll and 15. This 
evidence together with the C6 .carbon skeleton of mycosamine 
led to a C47 carbon skeleton for nystatin. 
However, the proposed structure (25, R = OH) was not 
consistent with molecular formula obtained by mass spectra-
metry. Mass spectrometry of trimethylsilyl (TMS) derivat-
ives of N-acetyl nystatin and N-acetyl nystatin methyl 
ester
83 gave clear molecular ions at m/e 1759 and 1701 
which, in conjunction with analytical and chemical data, 
could only correspond to the TMS-N-acetyl and TMS-N-acetyl 
methyl ester of a parent compound of c 47 H75 No 17 or 
The former molecular formula was accepted in 
view of the already established 8° C47 carbon skeleton for 
nystatin. Deletion of one hydroxyl from the earlier prop-
osed structure (25, R = OH) was necessary to accomodate the 
molecular formula. The primary evidence for the presence 
of the 34,35-diol system in nystatinolide (25, R = OH) was 
based on the reaction of nystatin with lead tetraacetate 
to yield tiglic aldehyde (39) after B-elimination of the 
lactone. However, the same reaction did not yield tigl i c 
aldehyde from perhydronystatin prepared by hydrogenation 
of nystatin over pa l ladised charcoa1 43 . Tiglic aldehyde 
was in 43 fact derived by the fragmentation of the S , y -
unsaturated 35-hydroxyl system as in the revised structure 
19. 
( 25, R = H), a known reaction of homoallylic alcohols. 
The absence of a hydroxyl was conclusively established by 
isolation of the heptaenal (30, R = H). 
The carbon skeleton in (25, R = H) is in agreement with 
the incorporation of three "propionate" and sixteen 
"acetate" units . 48 nystatin The lactone function was 
closed to C37 81 by analogy with the smaller macrolides of 
the hydroxylated polyene type then known. 
(c) Structure and stereochemistry of mycosamine 
h 1 44 f' d d · · h Dute er et a . irst emonstrate in nystatin t e 
presence of a carbohydrate moiety which contained the site 
of a basic nitrogen atom. This amino sugar, to which the 
name mycosamine was given, has also been found to occur in 
other polyene macrolide antibiotics including amphotericin 
B (23), pimaricin (17), lucensomycin (18), candidin (24) 
and tetrines A and B (19 and 20). Mycosamine derivatives 
could be isolated by vigorous aqueous acid hydrolysis, 
methanolysis or acetolysis of either the parent macrolides 
or their hydrogenated derivatives. 
The structure and stereochemistry of mycosamine, as 
that of 3,6-dideoxy-3-amino-D-mannopyranose 44 (40) were 
established by degradative studies and further confirmed 
by synthesis of various mycosamine derivatives. 
(ii) Present work 
Further structural and stereochemical studies on 
nystatin are described. The position of lactonization is 
defined together with the determination of the position 
and ring size of mycosamine in the parent macrolide. 
2 0. 
Evidence is also presented which indicates that nystatin, 
as well as three other polyene macrolides, exists in the 
hemi-ketal form in solution. The complete structure of 
nystatin (without regard to stereochemistry) is thereby 
defined. The stereochemistry of some asymmetric centres, 
notably those at C3, 5, 34, 35, 36 and 37, is also 
described. 
(a) A note on the purity of nystatin 
84 Recently , nystatin from several sources, including 
the international standard, has been separated by counter-
current distribution into two components, A1 and A2 , in the 
ratio of about 4:1. Little structural work was carried out 
on these compounds, except to show that they are both 
tetraenes containing the sugar mycosamine, and that they 
differ from pimaricin, rimocidin, amphotericin Band 
etruskomycin. Both components are biologically active and 
84 
the stability of the nystatin samples is dependent on 
the ratio. 
Our work was carried out on material from the Squibb 
Institute for Medical Research, which was not one of the 
sources of nystatin separated into two components. How-
ever, our sample must be identical to that used by Djerassi 
80 
et al. for their work, since it came from the same source 
and was purified by the same procedure (cf. EXPERIMENTAL). 
The structure of nystatin from this source is therefore 
fixed. In view of the difficulty in obtaining homogeneous 
polyene macrolides, difficulties may arise in making 
structural deductions from degradations of inhomogeneous 
preparations. 
21. 
{b) Nuclear mctgnetic resonan c e stud i es 
Nuclear magnetic r esonance (nmr) spectroscopy has been 
used in the study of non-polyene macrolides such as oleando-
2 6 . 14 
mycin , picromycin 85 the erythromycins 1 k . 2 9 an amycin , 
. 24 
the leucomycins h 1 . 28 . 27 d ca c omycin , magnamycin an others, 
with favourable results. Earlier attempts to analyze the 
60 MHz spectra of these macrolides were not very success-
ful because of the large number of protons in the molecule 
and the complex nature of the spectra with many overlapping 
resonances. More recent studies with 100 and 220 MHz 
spectra have made it possible to completely analyze all of 
the ring protons in the aglycones. Nmr spectra were used 
to some extent in making configurational assignments of 
h · f h h d 1 ' d · · 86 t e anomeric protons o t e attac e g ycosi e moieties 
Nmr spectroscopy, however, has not been extensively 
applied to the study of polyene macrolides, and pimaricin 
(17) is the only polyene macrolide investigated so far. 
The 100 MHz spectra of N-acetylpimaricin and N-acetyl-
d d h d . . . 87 h ' hl ' f . o eca y ropimaricin were ig y complex and in ormation 
could only be extracted after the structural elucidation 
of the macrolide had reached a relatively advanced stage. 
The complexity of the spectra is not unexpected in view of 
the even larger number of protons associated with polyene 
macrolides. Furthermore, these relatively unstable high 
molecular weight compounds also strongly occlude impurit-
10 ies Their poor solubility in most organic solvents 
suitable for nmr studies poses another problem,whilst the 
use of polar solvents like pyridine and dimethyl sulphoxide 
may further enhance the instability of these c ompounds. 
2 2 • 
Poor solubility may be overcome using suitable derivatives, 
83 
such as trimethylsilyl ethers of these polyhydroxylated 
compounds. 
Nmr spectroscopy may be of use at this stage in the 
studies of nystatin and attempts were made to obtain 
direct evidence of the position of lactonization and also 
the position and anomeric stereochemistry of mycosamine in 
the macrolide. 
The position of lactonization at C37 as in (25, R = H) 
has always been assumed but never really proven. If indeed 
the macrocyclic lactone is closed at this carbon then H37 
88,89 
would appear around T 5.0 as a doublet of quartet by 
coupling with CH 3 -38 and H36 . If double irradiation of a 
methyl doublet corresponding to CH 3-38 collapsed the 
doublet of quartet to a doublet then the position of 
lactonization is at C37. The anomeric proton H1 , would 
be expected at around T 5.5 65 as a doublet whose coupling 
constant would indicate the anomeric stereochemistry of 
mycosamine in nystatin. In nystatin itself, both H37 and 
H1 , will probably be overlapped by the olefinic protons. 
Dodecahydronystatin (hereafter to be referred to as perhydro-
nystatin) would remove all these olefinic resonances. 
Mycosamine is in glycosidic linkage at one of the nine 
possible carbon atoms in the aglycone: C3, 5, 7, 10, 11, 
15, 17, 19 and 35, assuming nystatin is lactonized at C37. 
The allylic proton H19 may be distinguishable in nystatin 
but its chemical shift would not distinguish whether Cl9 
carried a hydroxyl or the amino sugar. One way of identi-
fying this allylic proton is by comparison of the nmr 
2 3 • 
spectra of nystatin and perhydronystatin. The chemical 
shift of this allylic proton would be shifted into all 
the other H-C-OH absorptions in the case of perhydro-
nystatin. If Cl9 carried a hydroxyl then addition of o
2
o 
to the nystatin spectrum might bring about H19 changes 
by virtue of its loss of OH coupling. If Cl9, on the 
other hand, carried the amino sugar, conversion of 
nystatin to its peracetate would shift all the H-C-OH 
resonances downfield but not H19 . 
100 MHz spectra of nystatin and perhydronystatin in 
pentadeuteropyridine were not informative. The signals 
were broad and ill-defined due to overlapping of signals 
in magnetically similar environment. It is to be noted 
that nystatin has seventy five protons and unless a 
particular proton is magnetically distinct from the others 
any assignments of chemical shifts and coupling constants 
may lead to erroneous conclusions. Addition of o 2 o to the 
nystatin spectrum caused a considerable collapse of sig-
nals between T 3.0-4.0 with little noticeable change in 
other regions of the spectrum. These exchangeable protons 
in this region are the hydroxyl protons. The spectrum of 
perhydronystatin showed a broad peak centered at T 8.68 
due to the long chain of methylene protons and comparison 
with the nystatin spectrum showed an appreciable collapse 
of signals in the region T 3.0-4.5, due to removal of the 
olefinic protons in the perhydro compound. 
Trimethylsilyl (TMS)-N-acetylnystatin in _rentadeutero-
pyridine did not give informative spectra over the temper-
ature range 34°-80 ° . No sharpening of signals was ob-
24. 
served. A low field doublet of multiplets was observed to 
move upfield with temperature rise. The nature of this 
signal is uncertain and may be due to the gradual decompo-
sition of the compound with rise of temperature. The 
change observed at 80 ° was due to the decomposition of 
the compound. In deuterochloroform (locked on benzene) 
there was sharpening of the spectrum. Irradiation of 
signals centered at T 8.89 affected the multiplet at 
T 4 . 9 . No noticeable change was observed at T 8.89 when 
T 4. 9 was irradiated . The chemical shift T 4.90 is 
typical of a proton an . 88,89 environment -CO-O-CH-CH
3 
and may be ascribed to H37 . T 8.89 is therefore tentat-
ively assigned to CH 3 -38. The N-acetyl group appeared as 
a singlet at T 8 . 07 while the trimethylsilyl protons were 
centered at T 9.89. 
TMS-N-acetyl perhydronystatin in pentadeuteropyridine 
gave a doublet of multiplets at T 4.96. Spectra were taken 
at 50° , 80° and 100° without any sharpening of signals. 
The compound decomposed at 100° with deposition of some 
white precipitate. The doublet of multiplets was temper-
ature-independent and it may be inferred that it was not 
related to the temperature-dependent doublet of multiplets 
observed in TMS-N-acetylnystatin. This doublet of multi-
plets was found to be coupled to a proton(s) centered at 
T 7.92 since irradiation of the latter collapsed it to a 
singlet. In coc1 3 a doublet of multiplets appeared at 
T 5 . 2 6 and a do ub 1 et at 1 9 . 0 ( J 6 . 0 Hz) . Decoupling ex-
periments showed that T 5.26 was coupled to a resonance 
centered at T 8 . 15. Irradiation of the latter collapsed 
I 
25. 
the doublet of multiplets to a singlet. The only plausible 
assignment of T 8.15 and the doublet of multiplets at T 
5. 26 (T 7. 92 and T 4. 96 respectively in deuteropyridine) 
is that of CH 3-38 and H37 respectively. Irradiation of 
CH 3 -38 should collapse H37 to a doublet, not a singlet. A 
singlet may have appeared in this case because in irrad-
iating CH 3 -38 the flanking methine proton H36 was, 
fortuitously, also irradiated. This evidence is highly 
indicative of a ring closing lactone at C37 . The doublet 
(J 6.0 Hz) at 1 9.0 was coupled to a proton at T 6.21 
since double irradiation of the latter collapsed the doublet 
to a singlet. The doublet is assigned to the methyl on the 
sugar with H5 , appearing at T 6.21, values in agreement 
with those derived from various mycosamine derivatives 
(section (g) of this chapter). 
The above nmr studies clearly demonstrate the complex-
ity of spectra of polyene macrolides or their corresponding 
derivatives. Direct evidence for the position and anomeric 
stereochemistry of mycosamine in nystatin by this technique 
is difficult to arrive at due to overlapping of signals. 
It is highly probable that the position of lactonization in 
nystatin is as shown in (25, R = H) from the above studies. 
These points are conclusively settled by the chemical deg-
radations of nystatin described in subsequent sections of 
this chapter. 
(c) Position of lactonization 
Direct evidence for the position of lactonization in 
. . . 89 
some polyene macrolides such as pimaricin , d . d . 42 can i in , 
. 40,41 d f . h . 38 h amphotericin B an ungic romin as been reported. 
2 6. 
This structural question in nystatin was settled in the 
following way: Nystatin was ozonized in methanol solution 
at -78 ° and the ozonide decomposed by catalytic hydrogen-
ation. Direct oxidation with sodium periodate in aqueous 
methanol gave a product, expected to be the triol (41a), 
which was not isolated but directly acetylated with acetic 
anhydride in pyridine. The product was separated by thin 
layer chromatography and identified as the a,B-unsaturated 
aldehyde (42). It showed,\ (ethanol) 226 nm (logs 3.90) 
and v 1735 -1 cm (broad) and 1690 -1 cm Its nmr 
spectrum (in CDC1 3 ) showed a singlet at T 0.56 for the 
aldehydic proton while the doublet of multiplets at T 
3.64 was due to the olefinic proton. The four protons 
attached to the carbon atoms carrying acyloxy and acetal 
methyl functions appeared as the complex multiplet between 
T 4.60-5.15. The multiplet at T 5.93 was the other proton 
next to an oxygen function in the cyclic hemiacetal. The 
methylene protons adJacent to the carboalkoxy function 
appeared as a multiplet at 1 7.40 with the remaining 
methylene and a methine proton between 1 7.7-8.5. The 
singlet at 1 6.68 was the acetal methyl signal while the 
overlapping singlets between T 7.95-7.98 were due to the 
two acyloxy groups and the methyl on the carbon carrying 
the aldehyde function. The remaining two methyls appeared 
as doublets, each with a coupling constant of 6.5 Hz, at 
T 8.76 and T 8.91. 
The aldehyde ( 4 2) + showed a molecular ion at M m/e 
Loss of methoxyl from this molecular 
ion gave an ion at m/e 425 The 
CHO 
Rl R2 
(41 a) CH3 H 
R20 
OR2 OR2 
OR1 
(41 'b) CH3 Ac 
CHO 
0Ac OAc 
0 
(42) 
+ OAc OAc 
I + 
(43) (44) (45) 
0 
(46) 
0 - Hycosamine 
27. 
ion at m/e 315 was the a c yliurn ion (43, c 15 H23 o 7 ) from 
ester fission . a-fission next to the ether oxygen function 
gave the cyclic ether oxonium ion m/e 101 (44, c 5 H9 o 2 ) 
whilst fission of the C-O bond in the alkoxy group resulted 
in another cyclic ether oxonium ion m/e 125 (45, c 8 H13 o). 
The stated compositions of all the above mass spectral 
ions were verified by accurate mass measurement . 
A weak ion m/e 515 was also detected in the mass 
spectrum . Accurate mass measurement revealed a molecular 
composition of c 25 H39 o11 (calculated mass: 515.249216 , 
measured mass : 515.247252) This, in fact , is the + ( M - 1) 
io n of the triacetate ( 4 1b) itself . The diacetate of the 
diol - acetal (38) does not show a molecular ion but has 
i n stead an + ( M - 1) . 90 ion 
In conj u nction with the known chemistry of nystatin , 
n o tably the presence of a free 35-hydroxyl function , these 
data define the structure of the a ,S-unsaturated aldehyde 
as (42) and is derived from the triacetate (41b) and hence 
the trial (41a). The lactone is thus closed to C37 in 
nystatin. 
(d) Position of rnycosamine 
The determination of the position of rnycosamine (40) 
in polyene rnacrolides such as pirnaricin, candidin and 
amphotericin Bis normally performed at a relatively ad-
vanced stage of the stru c tural work or when the aglycone 
portion has been completely defined. Numerous approaches 
have been directed towards defining the position of this 
amino sugar in these macrolides. 
Hydrogenation of pirnari c in (17) in glacial acetic 
28. 
acid at 150 ° and 1 50 atmospheres with pal ladium on alumina 
as catalyst gave (among oth er products) compound (46) 89 . 
Oxidation of this compound with chromium trioxide in 
acetic acid gave a mixture of dibasic acids with undecane-
dioic acid as the highest one formed. Two oxygen functions, 
one at ClS and another at C25, were inferred. Nmr studies 
of the compound (46) established that the oxygen function 
at C25 was lactonized. Mycosamine must be present at 
Cl5. 
Lucensomycin (18) 35 is a higher homologue of pimaricin. 
Many of the degradation reactions which led to the assign-
ment of pimaricin followed an identical course when applied 
to lucensomycin . Together with the close similarity of 
spectroscopic properties between them, the position of 
mycosamine was also inferred at Cl5. 
h ' d ' h d 1 . f . 36 d 37 Te aci ic y ro ysis o tetrine A an B (19, 20) 
gave mycosamine under mild conditions (0.1 N aqueous 
hydrochloric acid at room temperature). No mycosamine 
was detected under identical conditions from decahydro-
tetrine A and B . Hydrolysis to give mycosamine could 
only be effected with concentration in excess of 3 N of 
acid and at 100° . The relative ease of acid hydrolysis 
of the glycosidic bond in tetrines A and B was attributed 
to the sugar being at an allylic position ClS. Likewise, 
the ease of formation of mycosamine by mild acid hydroly-
sis of candidin (24) 42 and amphotericin B (23) 40 was 
taken as evidence of an allylic sugar at Cl9. The 
suggested mechanism involved the cleavage of the sugar 
under acid conditions with the generation o f a stabilized 
2 9 • 
carbonium ion at the allylic position. This would not be 
possible in the perhydro compo unds. The recent x-ray 
41 f ' d h . . f study of amphotericin B has con irme t e position o 
the sugar at the allylic Cl9 atom. 
91 Trichomycin on treatment with manganese dioxide 
showed no change in its ultraviolet absorption spectrum. 
The absence of an allylic hydroxyl was suggested, and 
hence any allylic oxygen function present must be blocked. 
In nystatin, mycosamine is in glycosidic linkage at 
one of the nine possible carbon atoms in the aglycone 
(25, R = H), namely C3, 5, 7, 10, 11, 15, 17, 19 and 35. 
The determination of the position would have to take into 
account the lability of the sugar under acidic or alkaline 
conditions. The use of mild conditions would have to be 
adhered to in order to prevent the non-specific cleavage 
of the sugar. 
Nystatin reacts with lead tetraacetate by fission of 
the homoallylic 35-alcohol system, subsequent S-elimination 
of the lactone function then yielding tiglic aldehyde 
Furthermore, nystatin gives the heptaenal (30, 
R = H) 43 on treatment with alkali under conditions which 
would not cause glycosidic cleavage of the sugar, if at 
C35. The absence of mycosamine at C35 is apparent. 
The isolation of the diol-acetal (38) 80 by successive 
treatment of nystatin with periodic acid, alkaline hydroly-
sis and diazomethylation would suggest the presence of 
hydroxyls at C3, 5, 7, 10 and 11. However, if an excess 
of periodate had been used, the vicinal aminohydroxyl 
systems in mycosarnine would be cleaved and the resulting 
I 
I 
30. 
sugar residue possibly hydrolysed under the acidic and 
alkaline conditions used. Consequently, the isolation of 
the diol-acetal does not conclusively prove the absence 
of the sugar in these five positions. We overcame this 
objection by blocking the possible periodate cleavage of 
the sugar by N-acetylating the amino function. Selective 
N-acetylation of nystatin with acetic anhydride in the 
presence of dimethylsulphoxide gave N-acetylnystatin. 
The same degradative sequence as used for nystatin also 
gave the diol-acetal in similar yield, having identical 
infrared, nmr and mass spectra. Thus the formation of 
the diol-acetal does not involve oxidative cleavage and 
solvolysis of the mycosamine moiety. Nystatin must then 
carry free hydroxyl functions at C3 , 5, 7, 10 and 11. 
The attachment of mycosamine to the aglycone is now 
restricted to the three remaining positions Cl5, 17 and 
19. The isolation of acetone by alkaline 81 treatment of 
nystatin indicates the presence of the system -CHOH-CH
2
-
CO-CH2-CHOH- and therefore points to the presence of free 
hydroxyls at Cll and 15. Again , it has to be assumed that 
the inferred system did not come about by S-elimination of 
the sugar initially followed by Michael addition of hydrox-
ide ions. The presence of the sugar at Cl9 is highly 
probable in view of the numerous polyene macrolides having 
mycosamine at the allylic position. The isolation of the 
heptaenal ( 3 0 , 43 R = H) from nystatin parallels the isol-
ation of corresponding enals from these other macrolides. 
The interpretation of this reaction for these polyenes is 
retroaldol cleavage of the molecule and S-elimination of 
31. 
mycosamine as formulated in Sc heme 1. It is to be noted 
that the carbon and oxygenation pattern between Cll and 
the tetraene chromo phore in nystatin is similar to that 
present in these macrolides. The isolation of the heptaenal 
and acetone does not rigidly prove the presence of mycos-
amine at Cl9, as Cl7 and Cl5 attachment could also be 
rationalized to give these products. Assuming that the 
sugar is at Cl7, the usual retroaldol cleavage followed 
by S-elimination of the sugar at Cl7 would generate an 
a,S-unsaturated aldehyde. Michael addition of hydroxide 
ion at Cl7 could then precede a second retroaldol cleavage, 
followed by S-elimination of a hydroxyl at Cl9 to give the 
heptaenal. The same argument holds for a possible Cl5 
sugar attachment except that S-elimination of the sugar 
occurs first. 
A positive proof for the sugar at Cl9 was therefore 
attempted. Various allyl alcohol derivatives have been 
hydrogenolyzed by dissolving metal reductions 92 . Allylic 
hydrogenolysis of the sugar should occur if at Cl9, not 
if at Cl5 or Cl7. Sodium-ammonia and lithium-ethylamine 
reductions were tried on nystatin. The product isolated 
in these attempted reductions was the heptaenal (30, R = H). 
The basic conditions had brought about retroaldolization 
and S-elimination, not reduction. 
Direct evidence for a glycosidic linkage at the 
allylic Cl9 position was obtained by hydrogenation of 
nystatin in methanol over platinium oxide or palladised 
93 barium sulphate to afford free mycosamine obtained as 
N-carbobenzyloxymycosamine, m. p. 189-192 ° (Lit. 44 
RO 
CH3 
(47) 
(48) 
(49) 
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190-193°), + M m/e 297. The sugar was released by hydro-
genolysis, not by solvolysis or S-elimination triggered 
by ketone or carboxyl functions, since no mycosamine was 
formed under these reaction conditions in the absence of 
hydrogen. Furthermore, the chromophore of nystatin was 
unchanged by treatment with activated manganese dioxide 
in aqueous acetone or methanol, indicating the absence of 
a free allylic hydroxyl group. We have also observed the 
ease of acid hydrolysis of the glycosidic bond in nystatin. 
(e) The glycosidic form of mycosamine 
The ring size of mycosamine as it occurs in nystatin 
is another feature of special interest since the possib-
ility exists for either a furanose or a pyranose form. 
Once the sugar is detached from the antibiotic either by 
acid hydrolysis or hydrogenolysis it may assume a ring 
form that is not necessarily that 1n the parent macrolide. 
A number of possible approaches towards the establishment 
of the glycosidic form of mycosamine may be considered. 
The ring form of mycosamine in pimaricin has been the 
subject of a number of studies. Golding et ai. 34 postul-
ated a pyranose ring form on the basis of periodate oxid-
ations of dodecahydropimaricin and N-acetyldodecahydro-
pimaricin. 94 Meyer however, cautioned about this approach 
in view of the anomalous periodate uptakes reported for 
some aminofuranosides. Furthermore, compounds of such 
high molecular weights are relatively unstable, tend to 
occlude impurities and have poor solubility in water and 
most organic solvents, thus tending to make good titrations 
difficult. 
3 3 . 
The procedure of the methylation analysis for the 
determination of ring size is an almost universal method 
usable for varied types of sugar. Initial per-0-methylation 
of the sugar would block any change in ring size during 
subsequent isolation of the sugar from the macrolides, and 
the establishment of its ring size would provide evidence 
of the glycosidic form. Meyer 94 isolated 3-amino - 3 , 6-
dideoxy-2, 4 -di-O-methyl-D-mannose instead of 3-amino-3,6-
dideoxy-2,5-di-O-methyl-D-mannose by hydrolysis of the 
permethylated N-acetylpimaricin, and thus conclusively 
proved the pyranose form of mycosamine in pimaricin . The 
pyranose form of mycosamine was 
postulated primarily on the identity of the nmr and mass 
spectral properties in the regions corresponding to the 
mycosamine unit with similar regions in pimaricin. Lucenso-
mycin 35 , a higher homologue of pimaricin , has also been 
postulated to have mycosamine in the pyranose form by 
comparison of mass spectra of the antibiotics in the low 
mass region. 
The ketonic function in N-acetylnystatin was reduced 
using sodium borohydride in order to prevent base catalysed 
B-elimination of the sugar. The resulting N-acetyl-dihydro-
nystatin was permethylated with methyl iodide and sodium 
methylsulphinylmethide. Acidic methanolysis then yielded 
cx-methyl-N-acetyl-2,4-di-O-methyl mycosaminide (47), m.p. 
127-129° + and M m/e 247. The compound showed infrared 
bands at 3435 and 1670 cm-l (NHCOCH 3 ). The ex-methyl-
pyranoside structure (47) of this product follows from its 
synthesis by methylation of authentic cx-methyl-N-acetyl-
3 4. 
mycosaminide (48) 44 , which has itself been shown 44 to be 
pyranoid by degradation. Confirmation of these pyranoid 
forms was provided by acetylation of (48). The product 
was a-methyl-2,4,N-triacetylmycosaminide ( 4 9) 44 as reported , 
since double irradiation established that the methyl 
doublet (J 6.0 Hz) at t 8.79 in its nmr spectrum (in 
CDC1 3 ) was coupled to a proton (H 5 ) appearing as a doublet 
of quartets (J 6.0 and 9.0 Hz) centered at T 6.10. 
the alternative furanoid methyl 2,5,N-triacetylmycosaminide 
95 (50) would be expected to resonate below T 5.5. For a 
detailed analysis of the nmr spectra of (47) and (49) see 
section (g). 
The pyranose nature of mycosamine in pimaricin, 
lucensomycin, amphotericin B, candidin, tetrines A and 
Band nystatin can be confidently extended also to rimo-
'd' 73 d . h . 91 ci in an tric omycin , the two other reported polyene 
macrolides whose structures have not been fully defined 
but which are known to contain mycosamine. It is highly 
probable that the sugar has the chair conformation in 
these macrolides, this being true in the case of crystalline 
h . . 41 amp otericin B . In accordance with Klyne's 58 rule , any 
L- or D-6-deoxypyranoside substituent has an a-Lor S-D 
configuration at the anomeric centre, and this has been 
shown to be true in a number of macrolides. Mycosamine is 
a D-6-deoxypyranoside and is expected to be S-glycosidic-
ally bound to the hydroxyl at Cl9, again this being true 
. th f 11 h · · 41 in e case o crysta ine amp otericin B . 
(f) Existence as a hemiketal 
The ability of macrolide antibiotics of the polyene 
I 
3 5 . 
10,31 96 
subgroup to form complexes with sterols gives rise 
to their extensive clinical usage as antifungal 78 79 agents ' 
and to their activity in control of hypercholesterolemia 33 , 
33 d b . 33 prostatic hypertrophy an o esity . The formation of 
such complexes depends on the presence of opposed lipo-
philic polyene and hydrophilic polyol regions. Other 
functions such as amino sugar, carboxyl , ketone, epoxide, 
alkyl or aromatic side chains or additional unsaturations, 
which occur in various representatives of the subgroup 
merely modify the biological activity96 h , 96 d Te size an 
conformation of the macrolide ring, however, will be 
important factors influencing the ease of formation, stoi-
chiometry and stability of the sterol-polyene complex. 
The recent demonstration by x-ray crystallography of the 
presence of a pyranoid internal hemiketal in the crystalline 
N-iodo-acetyl derivative of amphotericin B (23) 41 is of 
interest in this regard in view of the restraints which it 
imposes on the macrolide ring. The internal hemiketal is 
formed between the hydroxyl group at Cl7 and the ketone 
function at Cl3. In view of the similar structural feature, 
that between Cll and Cl9 in (23) , in nystatin (51) 97 198 , 
pimaricin (17) 34 and lucensomycin (18) 35 , it would be of 
interest to examine the possibility of a pyranoid internal 
hemiketal in these macrolides in neutral solution. Spectra-
scopic studies described now indicate that nystatin, pim-
aricin, lucensomycin and amphotericin Bin neutral solution 
exist as hemiketals (52) , (53), (54) and (23) respectively . 
Related polyene macrolides including candidin (24) 42 and 
. 3 6 3 7 
tetrines A and B (19, 20) which formally contain poly-
' HO 
0 
OH 
OH OH OH H 
OH 
( 51 ) 
OH OH OH OH 
HO 
NH . 
2 
H 
OH OH 
( 52) 
OH 
R ( 53) R = CH3 
l54) R•C4Hg 
36. 
hydroxy-ketone functions possibly do not exist as such but 
rather as cyclic hemiketals in solution. 
Since the hyd oxy-ketone and cyclic hemiketal forms 
of these antibiotics are probably interconvertible upon 
the demand of a particular reagent, the formation of 
reaction products involving these centres does not cons-
titute evidence for the preferred form of these anti-
biotics in neutral solution. In fact, products arising 
from both components of such equilibria are known. 
the four macrolides under study give three reactions 
Thus 
characteristic of the presence of carbonyl functions, 
1 d . b d' b h d . d 81,99,100 name y re uction y so ium oro y ri e , retro-
aldol 1 81,100-102 c eavage , and facile decarboxylat-
. 48,99,100,102 ion On the other hand, vigorous catalytic 
· f . 80 . . 89 reduction o nystatin , pimaricin and 1 . 100 ucensomycin 
yields tetrahydropyrans corresponding to the hemiketal 
forms (55), (56) and (57) respectively. It should be 
noted that the cyclic ethers in their products may not 
necessarily arise from hemiketals in the parent anti-
biotics, as seen by the four tetrahydrofurans (31, 33, 36, 
37) 80 formed from nystatin two of which ( 3 3 , 37) arise 
from 1,4-diol. In particular, the production from ampho-
tericin B of a tetrahydrofuran fragment (58) after ex-
tensive degradation involving hydrobromic-acetic acid at 
40 
one stage is not proof of the existence of a cyclic 
hemiketal in the antibiotic itself. 
The common spectroscopic techniques for the detection 
of ketonic functions are either inapplicable because of 
poor solubility in appropriate neutral solvents, or do not 
( 55) 
0 
{ 56) 
omycosamine 
( 57) 
0 
( 58) 
3 7 • 
give definitive answers because of the complexity of the 
compound. Thus hydrogen-bonding may complicate the 
carbonyl region of the infrared spectra, and overlap from 
other absorptions obscure the -CH 2 co- region in nuclear 
magnetic resonance spectra. 
( ord) 
The applications of optical rotatory dispersion 
103,104 to the detection of a carbonyl group in an 
optically active molecule and to hemiketa1 105 formation 
are well authenticated. The presence of a carbonyl 
function in a saturated ketone guarantees the existence 
of a weak ultraviolet absorption in the vicinity of the 
3 . 106 280- 00 nm region The single Cotton effect associated 
with an optically active saturated carbonyl compound pro-
duces usually very large rotations in this accessible 
region. The rotatory dispersion method is very sensitive 
to changes in the immediate asymmetric environment and 
simple saturated alicyclic ketones, for example, show 
anomalous rotatory dispersion characterized by "maxima" 
and "minima" . A series of optically active aliphatic 
103 
methyl ketones (59) consisting of members in which the 
carbonyl function is separated by 0, 1, 2, 3 and 4 carbon 
atoms from the asymmetric centre has been examined. These 
ketones exhibit anomalous rotatory dispersion for n = 0, 
land 2 but show only a plain dispersion curve for n = 3 
and 4. Another series of optically active alicyclic 
104 
ketones , 3-methylcycloalkanones, has also been examined 
to see the effect of ring size upon the shape of the ord 
curves. The sign of the Cotton effect was found to be 
identical in the five and six-membered rings and was then 
n = 0,1,2,3,4 ( 59) 
~H3 0 
-
CH2J 11 ( 61 ) R = OH OH 
0 N(CH3)2 0 
( 60) H R ( 62 )R: 
0 
0 
OH 
0 
0 
\ 63) 
( 64) 
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inverted in the case of the seven-membered ketone. No 
further change was encountered up to and including 3-methyl-
cyclopentadecanone (60). 
105 Hemiketal formation can be detected by the ord 
method. Experimentally, for example, this can be observed 
by determining the diminuation in amplitude of the dis-
persion curve in the 280-300 nm region in methanol pro-
duced by the addition of a drop of hydrochloric acid which 
catalyzes the formation of the ketal. Since hemiketals 
have no optically active chromophore and would not be ex-
pected to exhibit Cotton effect curves, ord offers a 
powerful tool for the differentiation between a ketone 
and a hemiketal. 
Dihydromethynolide (61) 13 and dihydromethymycin 
(62) 13 , both derived from the non-polyene macrolide 
methymycin (2) , do not show the typical anomalous dis-
persion of optically active saturated alicyclic ketones 
and therefore exist in the hemiketal-form formed between 
the hydroxyl group at Cl0 and the ketone function at C7. 
Tetrahydrocromycin, at that stage considered to be (63) 107 
15 
was wrongly concluded as not existing in the hemiketal 
form because of the presence of a positive Cotton effect 
at 312 . 5 nm . This positive Cotton effect is, in fact, 
due to the 3-keto function in the revised structure (64) 14 . 
In the present study, the four polyene macrolides in 
question are expected to exhibit anomalous rotatory dis-
persion in the 280-300 nm ord region if they exist in the 
keto-form. Ord curves of nystatin, pimaricin and lucenso-
mycin were recorded and shown in Fig. 2. It can be clearly 
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seen that the region under study is obscured by the olefinic 
unsaturations in these macrolides and no meaningful deduct-
ions can be derived from such ord curves. The lactone and 
carboxyl function, having absorption maxima below 210 nm 
would not interfere in the region under study. The 
problem was easily overcome by removal of all the olefinic 
unsaturations in these macrolides by hydrogenation over 
palladium charcoal in methanol solution at room temperature 
and atmospheric pressure. The hydrogenated compounds will 
be referred to as perhydronystatin, perhydroamphotericin B, 
perhydropimaricin and perhydrolucensomycin. Ord curves of 
these perhydro compounds were recorded in methanol solution 
at 24° in the spectral range 250-600 nm, and are shown 
in Fig. 1. 
The negative plain dispersion curves of these perhydro 
compounds are indicative at least of a preponderence of the 
hemiketal-form, and this may be the only form present. The 
two asymmetric carbon centres (C7 and Cll in perhydro-
pimaricin and perhydrolucensomycin, Cll and ClS in perhydro-
nystatin and perhydroamphotericin B) are separated by one 
carbon atom from the carbonyl and would be expected to 
contribute to a Cotton effect from the carbonyl if it were 
present as such. This structural segment, being part of 
a macrocycle, can have as its model the optically active 
aliphatic ketone (59, n = 1) or more appropriate (60), 
both of which show a negative Cotton effect in the 300 nm 
region. The absence of Cotton effect in the 300 nm region 
for the perhydro compounds excludes the keto-form. The 
hemiketal-form of the perhydro compounds in neutral solut-
40. 
ion can be translated to the parent macrolides since the 
mild hydrogenation procedure involves only saturation of 
the olefinic bonds and hydrogenolysis of the epoxide in 
the case of pimaricin and lucensomycin. 
The absence of an optically active carbonyl function 
in the four polyene macrolides was confirmed by the follow-
ing experiment. Ord curves of the four macrolides were 
recorded at a known concentration in methanol solution 
(cf. Fig. 2). Assuming that these polyene macrolides did 
actually exist in the keto-form, then the curve in the 
300 nm region would be a composite one derived from the 
olefinic unsaturations and the carbonyl chromophore. 
The carbonyl function in each of the four macrolides was 
reduced with sodium borohydride. To ensure that the 
carbonyl was completely reduced, aqueous sodium hydroxide 
was added to a sample of the reduced compound and then 
slightly warmed. If the carbonyl had not been reduced, 
retroaldol-cleavage would occur resulting in the formation 
of an enal, for example, the heptaenal (30 , R = H) from 
nystatin. The retro-aldolization product would immediately 
show an extended ultraviolet chromophore. Having ensured 
that this was not the case in all the sodium-borohydride 
reduced antibiotics, ord curves were again recorded at 
the same concentration as before reduction. No diminuat-
ion in amplitude of the dispersion curve was observed, 
in all cases implying the absence of a carbonyl chroma-
phore in these polyene macrolides. The ord curve for 
amphotericin Bis not included in Fig. 2 because of the 
presence of an impurity which gave rise to a negative 
41 . 
Cotton effect at 286 nm. We tend to believe that it was 
not due to the carbonyl chromophore in the antibiotic 
since it appeared even after sodium borohydride reduction. 
The tendency of high molecular weight macrolides to 
1 d . . h b . dlO occ u e impurities as een mentione . 
The hydroxyl involved in the hemiketal formation, 
particularly in the case of nystatin and amphotericin B, 
in solution is not known with certainty. For example, a 
furanoid internal hemiketal involving the C-10 hydroxyl 
and the carbonyl in nystatin is a possibility. Only the 
pyranoid internal hemiketal form is drawn by analogy with 
crystalline amphotericin Band the expectation that a 
six-membered ring would be favoured over the other possible 
ring sizes. 
(g) An NMR analysis of some mycosamine derivatives 
Nuclear magnetic resonance (nmr) spectroscopy is of 
great value in configurational and conformational studies 
of organic compounds. The values of the coupling 
constants are used to determine vicinal proton relation-
ships using the well-known Karplus equation which correl-
ates the magnitude of a coupling constant with the angle 
b h . l 108 etween t e vicina protons . 
Mycosamine derivatives are particularly suited for 
nmr studies with regard to stereochemistry. Ceder et 
109 
al. studied the 60 MHz nmr spectra of tetraacetyl-
mycosamine and methyl-N-acetylmycosaminide in an attempt 
to confirm the stereochemistry of mycosamine and related 
44 derivatives reported earlier by the Squibb group 
Structures (65) and (66) were proposed for these derivat-
4 2 . 
ives. The spectra of these two derivatives were not 
particularly satisfactory and protons H2 , H3 and H4 were 
not amenable to a detailed analysis. The coupling cons-
tants derived from a complex H5 signal must be viewed 
with caution. Moreover, the acetyl and N-acetyl groups 
were assigned their respective stereochemistry on the 
basis of their chemical shifts. See Table 2 for pertin-
ent data of these derivatives. 
100 MHz nmr spectra of three more mycosamine deriv-
atives from nystatin now provide data that confirm the 
earlier assignments. 
The nmr spectra (in CDC1 3 ) of methyl-2,4,N-triacetyl-
mycosaminide ( 6 7) showed the cs-methyl doublet (J 5,5-CH 3 
6.0 Hz) at T 8.79 and a doublet of quartet (J 6.0 5,5-CH 3 
Hz, J4,5 9.0 Hz) at T 6.10 for HS. Irradiation of the 
doublet of quartet at 1 6 .10 collapsed the doublet at 
T 8.79 to a singlet and hence the assignments were 
correct. The magnitude of J 415 9.0 Hz necessitated a 
diaxial relationship for H4 and H5 . The anomeric proton 
H1 appeared as a doublet (J 112 1.5 Hz) at T 5.36 by 
coupling to H2 , a double doublet (J 1 12 1.5 Hz, J 213 
3.0 Hz) at T 5.07. Part of the triplet (J 3 , 4 = J 4 , 5 = 
9.0 Hz) at T 5.29, assigned to H4 , was overlapped by the 
The magnitudes of J 314 9.0 Hz and 
J 213 3.0 Hz required a diaxial relationship between H3 
and H4 and an axial-equatorial relationship between H3 
J 112 1.5 Hz is in agreement with a diequatorial 
110 
relationship for H1 and H2 . The three singlets at 
T 7.84, 7.94 and 8.08 were assigned to the N-acetyl and 
H 
H 
H 
HO 
H 
H 
H 
OR 
( 65 ) R • R' = Ac 
( 66) R=CH3 ,Ri=H 
H ( 67) R= ~~' R' =Ac 
\ 69 \ R = R' = CH3 
( 68) 
H 
( 70) 
CH~H=CH} -----
1 2 (71) CH3 
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Table 2 
Pertinent NMR data on model mycosamine derivatives 
Chemical shifts (T) Coupling Constants (Hz) 
Mycosamine Derivative 
"1 "2 H3 H4 "s C5-CH3 Jl,2 J2,3 J3,4 J4,S JS,CS-CH3 
Tetraacetyl mycosamine (CDC13) 3.99 (4.9-5.S complex 6.02 8.80 1.5 - - 8.5 6.0 pattern) 
a-Methyl-N-acetyl mycosaminide 5.39 (S.5-6.9 complex pattern) 8.70 <1.0 
- - -
6.0 
(CDC13) 
a-Methyl-2,4,N-triacetyl 5.36 5.07 ( ) 5.29 6.10 8.79 1.5 3.0 9.0 9.0 6.0 
mycosaminide {CDC13) 
a-Methyl-2,4-di-O-methyl N-acetyl 5.33 ( ) 5.54 7.02 6.24 8.68 1.5 3.5 10.0 10.0 6.0 
mycosaminide (CDCI3) 
a-Methylmycosaminide 4.79 5.43 
hydrochloride (D20/0C1) 
(5.9 
- 6.1) S.81 8.21 1.5 3.0 - - 6.0 
2,3,4-triacetyl mycosamine 4.95 5.1 (5.2 
- 5.45) 5.85 8.90 1.5 - - - 6.0 (CDCI3) 
j 
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the two acetoxy groups. The singlet at T 6.62 was due to 
the Cl-methoxy while the doublet (J 3 ,NH 8.0 Hz) at T 4.22 
was the amido proton. 
The above double irradiation work had unequivocally 
established the resonance at T 6.10 as that of H5 . 
the alternative furanoid methyl-2,5,N - triacetylmycosamin-
ide ( 50) ~ would be expected to resonate below T 5.5. The 
evidence , besides confirming the pyranoid form of the 
glycoside , also established the compound as the a-anomer 
existing in the chair conformation. 
Spectra of two derivatives provided further confirm-
ation . The spectrum of methyl mycosaminide hydrochloride 
(68) (in o2o) showed the CS-methyl as a doublet (J 5,5-CH 3 
6.0 Hz ) at T 8 . 2 1. Irradiation of a multiplet at T 5.81 
collapsed the methyl doublet to a singlet. The resonance 
at T 5.81 was thus assigned to H5 . The anomeric proton 
H1 was hidden by the water peak at T 4.81 but addition of 
a 20% DCl in o 2o shifted the water peak to T 4.63 thereby 
exposing the H1 signal, a doublet (J112 1.5 Hz), at 
T 4.79. The double doublet (J 112 1.5 Hz, J 213 3.0 Hz ) at 
T 5.43 was assigned to H2 because irradiation of this 
resonance collapsed the doublet (H 1 ) to a singlet while 
irradiation of the doublet (H 1 ) resulted in its collapse 
to a doublet (J 213 3.0 Hz). It was not possible to analyse 
the complex pattern between T 5.9-6.1 for H3 and H4 , but 
the other coupling constants were in agreement with the 
configurations at Cl, 2 and 3. The singlet at T 6.12 
was the Cl-methoxy group. 
The spectrum (in CDC1 3 ) of methyl-2,4-di-O-methyl-
44. 
N-a cetylmycosaminide (69) was the most satisfactory with 
most of the relevant protons in magnetically distinct 
regions. The CS-methyl doublet J 6.0 Hz) occurred 5,5-CH 3 
at 1 8.68 with H5 appearing as a doublet of quartet 
( J 6.0 Hz, 
5 5-CH 
, 3 
J 4 ,S 10.0 Hz) at T 7. 02. The double 
triplet (J 213 3.5 Hz, J = J = 10.0 Hz) 3,4 3,NH at T 5.54 
was assigned to H3 . The doublet (J 112 1.5 Hz) at T 5.33 
was assigned to H1 while H2 was hidden by the three 
methoxyl singlets at T 6.56, 6.59 and 6.62. The N-acetyl 
group appeared as a singlet at T 7.96 while the doublet 
(J 3 10.0 Hz) at T 4.13 was due to the amido proton. ,NH 
These chemical shift and coupling constant assignments 
were in accord with earlier configurational assignments 
for mycosamine derivatives. 
(h) The absolute configuration at C34, 35, 36 and 37 
in nystatin 
The hemiketal form of nystatin (52) contains fourteen 
asymmetric centres in the aglycone, four of which are 
between the lactone and the diene functions. These four 
asymmetric centres are in a region most accessible by 
chemical degradation. An approach to the determination 
of the absolute configuration at these four centres is 
described. 
k d d . 111 f d k h ' Ric ar s an Manwaring irst un ertoo tis ster-
eochemical problem and found 19,21-0-isopropylidene-18,20-
dimethyl-2,4,6,8,10,14,16-heptaenal (70) suitable for a 
stereochemical study by nmr spectroscopy. Their work 
will be briefly described here to substantiate the present 
work. The nmr spectrum o the isopropylidene heptaenal 
4 5 . 
(70) was amenable t o f irst order analysis in the relevant 
region with H4 appearing as a doublet of doublets (J 2.4 
and 10.0 Hz) at T 6.57 and H6 as a doublet of quartet 
(J 6.1 and 10.0 Hz) at T 6.45 where J 4 5 = 10.0 Hz ax, ax 
and J 5 6 = 10.0 Hz. ax, ax These assignments were confirmed 
by double irradiation work and by comparison with simpler 
1,3-dioxanes of known stereochemistry. To avoid inter-
action with the gem-dimethyls at C2, the bulky substituent 
at C4 would prefer an equatorial orientation in agreement 
with the above assignments. The heptaenal therefore has 
the relative configuration as shown in (71). It follows 
that nystatin has either a (35S:36S:37R) or a (35R:36R:37S) 
configuration. 111 It was further proposed that since the 
ring closing carbon atom in a number of polyene macrolides 
then known for which results had been obtained had the R 
configuration, then the most likely absolute configuration 
for nystatin was (35S: 36S: 37R). 
Nitric acid oxidation of perhydroamphotericin B112 
111 
and perhydronystatin gave the same optically active 
2-methyl-heptadecanedioic acid (72) indicating they both 
have the same stereochemistry at C34. One of the 
111 polyols , detected as their trimethylsilyl ethers by 
gas liquid chromatography, obtained from successive 
ozonolysis, hydrogenation and lithium aluminium hydride 
reduction of nystatin and amphotericin B was 1,3,5-
trihydroxy-2,4-dimethylhexane (73) by comparison with an 
authentic sample of the same gross structure, of known 
absolute configuration at all four centres, obtained from 
26 
oleandomycin . The optical rotatory dispersion curves 
'f'3 
HO2C-CH-{CH2}14 -co2H (12) 
~H3 ~H3 
CH-CH-CH-CH- CH-CHDH ( 73) 
3 I I ~ 
OH OH 
7H3 7H3 . 
CH3 ~H-CH. - ~H-CH-{CH2) 14-CH= CH-CHO ( 74 ) 
OH OH 
X ( 75) 
( 76) 
46. 
of the corresponding triacetates from amphotericin Band 
oleandomycin , however, showed that the trials differed in 
absolute configuration at at least one 102 centre . It 
would be of interest to run the rotatory dispersion curves 
of the triacetates from nystatin and amphotericin B to 
see if both are the same optical isomer as suggested by 
their behaviour on gas liquid chromatography, since the 
trial contains the four asymmetric centres corresponding 
to C34, 35 , 36 and 37 in both macrolides. From x-ray 
d . 41 stu ies , this region in amphotericin Bis of known 
absolute configuration, that is, (34S:35R:36R:37S). The 
c 18 -diacid (72) therefore establishes a 34S configuration 
in nystatin. 
The difficulty of isolating sufficient quantity of 
a small molecular fragment like the trial (73) for 
spectroscopic investigation, the number of degradative 
steps involved and the separation of it from a mixture 
of polyols had to be considered. We have, instead, 
prepared 19,21-dihydroxy-18,20-dimethyldocosan-l-enal 
(74) 81 , in 25% yield, as a retroaldolization product from 
both perhydronystatin and perhydroamphotericin B for 
purposes of comparison. 
The infrared spectrum (cs 2 ) of the a,S-unsaturated 
aldehyde (74) from perhydronystatin showed hydroxyl 
bands at 3600 and 3500 cm-l with bands at 1694 cm-land 
-1 1635 cm corresponding to the a,S-unsaturated aldehyde. 
It had an ultraviolet maximum at A 222 nm (log E 4.15). 
h . + / Te mass spectrum revealed a molecular ion at M me 382 
in agreement with the structure c 24 H46 o 3 (molecular 
47. 
weight 382) for (74 ) . Its nuclear magnetic resonance 
spectrum (in CDC1 3 ) showed a doublet (J 8.0 Hz) at 1 0.49 
for the aldehyde proton . A double doublet (J 8.0 and 
16.0 Hz) at T 3.90 was assigned to the olefinic proton 
adjacent to the aldehyde function. The other olefinic 
proton appeared as a double triplet (J 7.0 and 16.0 Hz) 
at T 3. 16. These two olefinic protons are 113 trans-coupled 
by virtue of the large coupling constant (J 16.0 Hz) 
between them. The C3 olefinic proton is therefore 
coupled to the C4 methylene protons with a coupling 
constant of 6.0 Hz. Other significant resonances were 
1 6.0-7.0 ( m' 2H, =CH-OH), T 7.67 ( m' -CH -CH -CH=) 2 -2 and 
1 8.1-9.0 ( m' - (CH )- + 2x -CH-CH 3 ). -2 13 The two doublets 
at 1 9.15 (J 7.0 Hz) and 1 9.24 (J 7.0 Hz) were the two 
methyls at Cl8 and 20. 
The retroaldolization product (74) from perhydro-
amphotericin B had identical melting point, Rf, infrared, 
mass and nuclear magnetic resonance spectra with that 
from perhydronystatin. Moreover, the aldehydes from both 
sources exhibited identical positive plain dispersion 
curves in the range 250-600 nm indicating both were the 
same optical isomer. 
The above evidence has unequivocally established the 
same stereochemistry at Cl8, 19, 20 and 21 of (74) ob-
tained from both perhydronystatin and perhydroamphotericin 
B. These four asymmetric centres in (74) are the C34, 35, 
36 and 37 in both the parent macrolides. Since these 
four asymmetric centres in amphotericin B have already 
been established absolutely as 41 (34S:35R:36R:37S) , 
48. 
nystatin must also possess this (34S:35R:36R:37S) absolute 
stereochemistry. 
The work of Manwaring 111 defined three asymmetric 
centres in nystatin, C35, 36 and 37, as having either a 
(35S:36S:37R) or a (35R:36R:37S) configuration. He 
further conJectured that since the ring-closing carbon 
atoms in fungichromin (21), pimaricin (17), lucensomycin 
(18) and rimocidin each had the R configuration, then 
the most likely absolute configuration for nystatin was 
(35S : 36S:37R). Our work has, in fact , shown that the 
correct assignment to these three asymmetric centres is 
(35R:36R:37S) and clearly illustrates the danger involved 
in correlative work of the kind that Manwaring put forward. 
Further interrelations of the type of work we have just 
described should lead to a more rapid determination of 
structure and stereochemistry . 
(i) The relative configuration at C3 and 5 in nystatin 
The Cl-ClO portion of nystatin is accessible to 
chemical degradation and therefore provides a possible 
approach to the determination of the stereochemistry at 
some of the asymmetric centres in this portion of the 
macrolide . The formation of the diol-acetal (38) from 
nystatin has been mentioned. It contains the C3 and CS 
asymmetric centres in nystatin which may be amenable to 
nuclear magnetic resonance investigation by conversion of 
the diol-acetal itself to the corresponding 1,3-dioxane 
(75) or cyclic sulphite (76) derivatives. These cyclic 
derivatives are very suitable models for nmr investigat-
ion because of their relatively rigid and preferred con-
49. 
formational nature. Moreover, the chemical shifts of the 
protons at C4 and C6 in these cyclic compounds are usually 
quite distinct and diagnostic of the stereochemistry at 
these centres . 
The diol-acetal (38) on treatment with acetone in 
the presence of a catalytic amount of concentrated sul-
phuric acid gave the 4 , 6-disubstituted 1,3-dioxane (75) . 
Its infrared spectrum (in ccl 4 ) showed the absence of 
hydroxyl band s with the methyl ester carbonyl appearing 
at 1 7 40 cm-l The mass spectrum had a molecular ion at 
m/e 302 in agreement with the structure. 
The nmr spectrum (CDC1 3 ) of (75) showed two singlets 
at T 8 . 57 and T 8.66 for the gem-dimethyls in the 1 , 3-
dioxane ring . The singlets at T 6.34 and T 6.70 were 
assigned to the methyl group of the methoxycarbonyl 
moiety and the acetal methyl group respectively. The 
'triplet ' centered at T 7.56 was, in fact, two super-
imposing doublets, one at 1 7.52 (J 7.0 Hz) and the other 
at T 7.59 (J 7.0 Hz), representing the methylene protons 
flanked by the methoxycarbonyl and H4 . The complex 
signals between T 7.8-9.0 were due to the methylene 
protons . H4 , H6 and the two methine protons of the tetra-
hydrofuran ring appeared as a complex signal between T 
5 . 8-6 . 2 . It was doubtful that double irradiation of the 
triplet at T 7 . 56 could simplify the complex signal 
between T 5 . 8 - 6.2 for a first order analysis since H6 
would s till be coupled to the methylene protons at CS and 
interfered by resonances due to H4 and the two methine 
protons of the tetrahydrofuran ring. No double irradiat-
-
5 0. 
ion work was therefore attempted. 
76 Published chemical shift data for a series of subs-
tituted 1,3-dioxanes in the chair conformation have shown 
that H4 and H6 resonated in the range T 5.86-6.24 while eq eq 
H and H6 occurred at higher field between T 6.44-6.96. 4ax ax 
The signals of the H4 and H6 protons in our 1,3-dioxane 
fall in the range for equatorial protons. This result 
is surprising , in that it leads to what appears to be an 
unlikely preferred conformation (77) involving two bulky 
groups in the axial orientation, and it may reflect the 
danger of working with chemical shift data alone. However, 
this result tentatively suggests a (4S:6S) or (4R:6R) 
stereochemistry for the 1, 3-dioxane (77), which translated 
to nystatin itself would give either a (3S:5S) or (3R:5R) 
stereochemistry. 
In another attempt to make a suitable ring compound 
of the diol-acetal (38) which would have the H
4 
and H
6 
resonances in magnetically distinct environments away from 
the interfering resonances of the two methine protons on 
the tetrahydrofuran ring, the model synthetic compound 
(+)-1,3-butylene sulphite (78) 114 was investigated. The 
cyclic sulphite was synthesized from (+)-butane 1,3-diol 
and thionyl chloride according to the procedure of 
. h d l 114 Pritc ar et a . . An nmr analysis of this compound 
had not previously been reported. 
The nmr spectrum (in CDC1 3 ) of the cyclic sulphite 
(78) showed two 8-line pattern signals, one at T 5.06 
(J 3.0, 11.5 and 12.5 Hz) and the other at T 6.14 (J 2.0, 
4 . 5 and 11.5 Hz) representing two AA'XX' systems. These 
(77) 
(78) 
H 
R' 
o-........ 
OCH
3 
R = -CH2C02CH3 
H 
H 
H 
H 
H 
H (79) 
H 
-CH2 (80) R' = 
0---... 
H oc~ 
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two spin systems were assi gn ed to the two protons at C6. 
The magnitudes of the associated coupling constants re-
quired the assignment of the low field signal T 5.06 to 
H (A proton) and T 6.14 to H6 (A' proton). 6ax eq X and X' 
are the two protons at CS. The associated coupling cons-
tants can be rationalized as J 6 6 = 11.5 Hz, eq, ax J = Sax,6ax 
12.5 Hz, JS 6 = 3.0 Hz. eq , ax No definite assignments can 
be made to the other two coupling constants associated 
with H6 . eq H4 was partially hidden by the H6 ax signal 
but could be rationalized to be a 12-line pattern amenable 
to first order analysis. The centre of H4 was at T 4.94 
with coupling constants of 3.0, 6.0 and 12.0 Hz assoc-
iated with it. A methyl doublet (J 6.0 Hz) occurred at 
T 8.72. Thus J 4 = 6.0 Hz. ,CH 3 
The large coupling cons-
tant of 12 . 0 Hz was indicative of an axial-axial relation-
ship between H4 and one of the CS protons. H4 therefore 
has an axial orientation, with J 4 5 = 3.0 Hz. ax, eq A corn-
plex multiplet centered at r 7.83 was assigned to H Sax 
because the sum of the coupling constants associated with 
it was 43 Hz. The rnultipEt at T 8.33, on the other hand, 
had a sum total of 21 Hz for all the coupling constants 
associated with it and was therefore assigned to H5 . eq 
These values together with those for H4 , ax H and H6 6ax eq 
gave the magnitude of the gerninal CS methylene coupling 
constant as 12-13 Hz. 
The infrared spectrum of the above cyclic sulphite 
-1 
showed a strong band at 1190 cm for the S = 0 absorption. 
115 It has been suggested that the 1190 ( + 5) -1 cm band is 
associated with an axial S = 0 group. Thus ( +) -1 , 3 -
5 2 • 
butylene sulphite may exis t exclusively as the conformer 
(79) with the S = 0 group in the axial position. The nmr 
spectrum of trimethylene sulphite with the S = 0 group 
in the axial position shows that axial protons at C4 and 
C6 occur at T 5.08 whereas the equatorial protons at these 
two centres occur at I 6.01, for the cyclic sulphite in 
the 115 chair conformation . Our results show that H4 , ax 
H6 and H occur at T 4.94 , 5.06 and 6.14 respectively. ax 6eq 
Clearly , from these two examples, a large chemical shift 
difference exists between an axial and an equatorial 
proton at C4 and C6 in a 6-membered cyclic sulphite in 
the chair conformation. 
The cyclic sulphite of the diol-acetal from nystatin 
was made. Its infrared spectrum showed bands at 1739 
-1 
and 1196 cm corresponding to carbonyl of the methyl 
ester and sulphur-oxygen stretching frequencies. Its 
mass spectrum revealed an (M - H)+ ion at m/e 307. 
The nmr spectrum (CDC1 3 ) of the cyclic sulphite 
(76) from nystatin showed two singlets at 1 6.30 and 
-1 
cm 
t 6 . 68 corresponding to the methyl group of the methoxy-
carbonyl and the acetal methyl respectively. The double 
doublet (J 6 . 0 and 4.0 Hz) at t 7.41 was due to the 
methylene protons flanked by the methoxycarbonyl and H4. 
The methylene protons appeared between t 7.6-9.0. The 
multiplets centered at T 5.82 and 5.03 were assigned to 
the two methine protons of the tetrahydrofuran ring, with 
the methine proton o f the a c etal assigned to the lower 
field signal. The multiplet between T 4.48-4.94 was due 
to the H4 and H6 protons. 
5 3. 
The above assignments were confirmed by double irrad-
iation work. Irradiation at t 8.04 affected the region 
between 1 4.48-4.94, giving rise to a triplet (J 6.0 Hz) 
at 1 4.64, a broad singlet at 1 4.84 and a doublet (J 7.0 
Hz) at 1 5.03. The above phenomenon came about because 
double irradiation at r 8.04 must have saturated the 
protons at CS, the methylene separating the two rings and 
one of the methylene protons adjacent to the methine 
proton of the acetal . The broad singlet at T 4.84 was 
assigned to H6 . The doublet at 1 5.03, assigned to the 
methine proton of the acetal, appeared as such because of 
its coupling with one of the adjacent methylene protons. 
The triplet at T 4.64 was assigned to H
4 
by virtue of its 
coupling with the methylene protons adjacent to the methoxy-
carbonyl at T 7.41. Irradiation of T 7.41 affected the H
4 
region but did not permit the coupling constant between H4 
and H5 to be read. Likewise, irradiation at T 4. 64 (H 4 ) 
collapsed the double doublet at T 7.41 to a doublet (J 
4 . 0 Hz). 
The above decoupling experiments have made possible 
the determination of the chemical shift positions of H
4 
and H6 of the natural cyclic sulphite (76). Configurat-
ional assignments can be made by reference to the chemical 
shift data from 1,3-butylene sulphite (79) and trimethylene 
sulphite, where H4 and H6 appear between 1 4.94-5.08 ax ax 
and H4 and H between T 6.01-6.14. eq 6eq The chemical shifts 
for H4 and H6 at T 4.64 and 4.84 r espectively, in the 
natural sulphite ( 76) can be taken to imply that their 
values fall in the range for axial protons. The 1196 cm-l 
54. 
infrared band for the natural sulphite indicates an axial 
S = 0. The chair conformation (80) for the natural sul-
phite is the most plausible. If we accept the earlier 
result for the 1,3-dioxane (77), then ring inversion has 
apparently occurred from the l, 3-dioxane (77) to the 
sulphite (80) as regards the preferred conformation of 
these species. Both (77) and (80) have the (4S:6S) or 
(4R:6R) stereochemistry. Extension of these assignments 
to nystatin itself defines the stereochemistry at C3 and 
5 as either (3S:5S) or (3R:5R). Nystatin is structurally 
very close to amphotericin B (23). The complete stereo-
chemistry of the latter has been determined and the 
41 
absolute configurations at C3 and 5 are both R . In 
view of the suggested common biosynthetic origin of the 
various l . d . b . S macro i e anti iotics , nystatin probably has 
the (3R:5R) absolute stereochemistry. 
5 5 . 
EXPERIMENTAL 
General information 
Melting points (m.p. ) were determined on a Kofler 
heating stage and are uncorrected. 
also not corrected . 
Boiling points are 
Infrared (i.r.) spectra were measured with a Perkin-
Elmer 257 instrument. 
Ultraviolet (u.v.) spectra were recorded in ethanol 
solution, unless otherwise stated, on a Unicam SPB00 
spectrophotometer. 
Nuclear magnetic resonance spectra were recorded at 
100 MHz on a Varian Associates HA-100 spectrometer. 
Signals are reported in the order of chemical shift (T 
scale) in p.p.m. from tetramethylsilane, multiplicity and 
coupling constant and where applicable intensity as well. 
The following abbreviations are used: s, singlet; bs, 
broad singlet; 
m, multiplet. 
d, doublet; q, quartet; qn, quintet and 
Mass spectra were measured on A.E . I. MS9 or MS902 
instruments at 70 ev. 
Optical rotatory dispersion (ord) measurements were 
carried out on a Perkin-Elmer P22 Spectropolarimeter in 
methanol solution. 
Preparative thin-layer chromatography (tlc) was 
carried out using Kieselgel G F254 or alumina plates 
(20 x 20 x 0.1 cm). 
All solvents were distilled before use and, where 
appropriate, also dried. Solutions were dried over 
anhydrous magnesium sulphate. 
56. 
Purification of nystatin 83 
Crude nystatin (500 mg), from the Squibb Institute 
for Medical Research, was magnetically stirred for 30 
min. with chloroform (25 ml), previously passed through 
a neutral alumina column. It was then filtered and 
dried under vacuum. The product was dissolved in 2% 
methanolic calcium chloride, stirred for 30 min. at 45° 
and filtered to remove any insoluble material. An equal 
volume of water was added dropwise to the solution and 
then magnetically stirred for 2 hr. at room temperature. 
The resulting suspension was centrifuged, washed with 
50% aqueous methanol , and vacuum dried. Purified 
nystatin (266 mg) obtained had E~ 790 at 304 nm. The 
1 
E of "pure " nystatin at 305 nm has been recorded as 1 
915 and so on this basis the purity of nystatin was 86%. 
Perhydronystatin 
Nystatin (500 mg), in 20% aqueous methanol (50 ml) 
was hydrogenated over Adam's catalyst (250 mg) at room 
temperature and atmospheric pressure until no uptake of 
hydrogen was observed. The catalyst was filtered and 
the filtrate then reduced down to dryness to give per-
hydronystatin (450 mg) which showed only weak end absorp-
tion in the u.v. 
Perhydrolucensomycin and perhydropimaricin 
These were obtained from the respective parent 
macrolides by the same hydrogenation procedure as used 
for obtaining perhydronystatin. 
Perhydroamphotericin B 
This was a sctmple from the Squibb Institute for 
Medical Research . 
. 83 N-acetylnystatin 
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Nystatin {500 mg), methanol {25 ml), acetic anhydride 
(2 . 3 ml) and dimethylsulphoxide (10 ml) were stirred for 
35 min. at room temperature. The resulting clear solution 
was cooled in ice and water added dropwise to give a sus-
pension which was centrifuged and vacuum dried, to give 
N-acetylnystatin (450 mg). 
Trimethylsilyl(TMS)-N-acetylnystatin 83 
N-acetylnystatin (100 mg) was treated with anhydrous 
pyridine (5 ml) , hexamethyldisilazane (1 ml) and tri-
methylchlorosilane {0.5 ml). It was left at room temper-
ature for 1 hr. The solvents were removed under vacuum, 
and hexane then added. After filtering, the filtrate 
was reduced down to dryness in vacuo to give the TMS-
derivative (110 mg). 
TMS-N-acetylperhydronystatin 
Perhydronystatin was N-acetylated by the same pro-
cedure as used for obtaining N-acetylnystatin, and the 
product then trimethylsilylated as above. 
Ozonolysis of nystatin , periodate oxidation and acetylation 
A suspension of nystatin {250 mg) in methanol was 
ozonised to completion (ca. 45 min.) at -78°. 
was bubbled through the solution for 30 min. 
Nitrogen 
The product 
showed only end-absorption in the u.v. The ozonide was 
reduced by hydrogenation over 10% palladium-charcoal 
(250 mg) at room temperature and atmospheric pressure for 
2 hr . After filtering the catalyst, the filtrate was re-
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duced down to dryness. To the residue was added a solution 
of sodium metaperiodate (500 mg) in water (30 ml) and 
methanol (15 ml), then left stirring for 3 hr. at room 
temperature. The thick precipitate of sodium iodate was 
filtered and the filtrate then reduced down to dryness . Water 
(25 ml) was added followed by extraction with ethyl acetate. 
After drying and removal of solvent a white oil (92 mg) was 
obtained which was immediately acetylated with acetic anhy-
dride in pyridine (5 ml , 1:1 v/v) at room temperature 
ove r night . Preparative tlc (Kieselgel, benzene-methanol 
9 : 1 ) gave ( 4 2) ( 4 0 mg) ; v (CC1 4 ) 
(ethanol) 226 nm (log E 3.90). 
-1 1735 and 1690 cm ; v 
Periodate o x idation of nystatin, alkaline hydrolysis 
and diazometh y lation 
Nystatin (164 mg) was treated with periodic acid (400 mg) 
in aquepus methanol (3 ml water, 15 ml methanol) and magneti -
cally stirred at room temperature for 2 hr. The excess 
periodate was destroyed with ethylene glycol (0.5 ml) and 
saturated aqueous sodium chloride solution ( 1 ml) was added . 
The mixture was extracted with methylene chloride, dried and 
then removed of solvent . The residue was treated with 1% 
methanolic potassium hydroxide (25 ml) for 5 mins. and then 
neutralised with 1 N hydrochloric acid. Saturated sodium 
chloride solution (5 ml) was added and then extracted with 
methylene chloride. Removal of solvent gave a light yellow 
oil which was diazomethylated and separated on kieselgel 
(ether-methanol 9 : 1) to give (38) (20 mg, 43%); Rf0.3 (ether) 
\) (CHC1 3 ) 3430 and 1725 
01 
cm T 5.00 ( m , -0-CH-OCH 3 ) ; 
5.4 - 6 . 2 (3 x - CH-0 + 2x0H), 6.33 (s, -CO3CH3), 6 . 7 
( s , 
8 . 6 
- 0 - C-0CH) 
--3 , 7 . 51 
( m , 4 x -CH -) · 
-2 I 
( d , J 6.5 Hz . , -CH-CH -CO CH) 
-2 2 3 and 7.8 -
(M-0Me) m/e 231, (M-Me0H) m/e 230. 
Periodate oxidation of N-a c etylnystatin, alkaline 
hydrolysis and diazomethylation 
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The product was ( 38 ) obtained in similar yield and 
identical in all respects with that obtained above. 
Lithium - ethylamine reaction on nystatin 
To ethylamine (50 ml) 0 at -78 was added lithium until 
a blue colouration persisted. Nystatin (50 mg) was intro-
duced with addition of lithium to maintain an inten s e blue 
colouration. The mixture was stirred for 2 hr. and 
ethylamine then allowed to evaporate off at room temperature . 
Water was added followed by extraction with benzene. A 
homogeneous compound (13 mg) was obtained and identified as 
19 , 21 - dihydroxy-18 , 20-dimethyldocosan - 2,4,6 , 8 , 10,14 , 16-
heptaenal ( 3 0 , R=H) ; \) (CHC1 3 ) 3420 , 2 715 , 1669 and 1620 
- 1 
cm ; 
>. (ethanol) + 229 and 380 nm; M m/e 370; Its nmr spectrum is 
similar to that of authentic material. 
Sodium-ammonia reaction on nystatin 
Nystatin (50 mg) in methanol (5 ml) was introduced into 
redistilled ammonia (50 ml) initially added with sodium. 
The reaction wa s left stirring for 2 hr. After removal of 
excess ammonia and the usual workup, the heptaenal (30 , R=H, 
55%) was again obtained. 
Methanolysis of nystatin 
Nystatin (50 mg) was treated with 0 . 1 N hydrochloric 
acid in 50% aqueous methanol (15 ml) and magnetically 
stirred at room temperature for 24 hr. The solvent was 
removed and water added. The aqueous mixture was extracted 
with n-butanol. The resultant aqueous phase was reduced down 
to dryness in vacuo. Paper chromatography in the system 
60. 
propanol-water (7 3) of the residue showed ninhydrin-
positive spots corresponding to mycosamine hydrochloride 
and free mycosamine. 
Allylic hydrogenolysis of nystatin 
Nystatin (300 mg) in methanol (15 ml) containing 10% 
palladised barium sulphate (500 mg) was hydrogenated at 
room temperature and atmospheric pressure. The catalyst 
was filtered and washed with several portions of methanol. 
The filtrate was then removed of methanol and water (20 ml) 
then added. After extraction with n-butanol, the aqueous 
portion was reduced to dryness to give a colourless residue 
(10 mg) which showed a ninhydrin-positive spot corresponding 
to free mycosamine by paper chromatography. 
N-carbobenzyloxymy cosamine 
The residue (10 mg) from above was treated with 2% 
sodium bicarbonate solution (5 ml) and carbobenzyl-
oxychloride (0.1 ml) and left overnight at room temperature 
with stirring. Extraction with ethyl acetate gave a colour-
less residue which on recrystallization from ethanol-heptane 
(1 5) gave N- carbobenzyloxymycosamine (3 mg), m.p. 189-
(Lit. 44 190 - 193°); + M m/e 297. 
No mycosamine was detected by paper chromatography if 
the above was repeated in the absence of hydrogen. 
Hydrogenolysis also occurred using platinum oxide as 
catalyst . 
Manganese dioxide reaction with nystatin 
To nystatin (10 mg) in 70% aqueous acetone (15 ml) was 
added activated manganese dioxide (30 mg). The suspension 
was left overnight at room temperature with stirring. The 
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oxidant was then filtered and the filtrate reduced down to 
dryness. No polyene ketone was observed as judged by the 
absence of an extended uv chromophore. 
The above reaction was repeated in methanol because of 
improved solubility in this solvent. Again, the chromophore 
of nystatin was unchanged by uv spectroscopy. 
a-Methyl-2 ,4-d i-0-methyl-N-acetylmycosaminide (47) 
N-acetylnystatin (250 mg) in methanol was treated with 
sodium borohydride (250 mg) and left at room temperature for 
1 hr. After removal of methanol, the residue was dissolved 
in dimethylsulphoxide (5 ml) and sodium methylsulphinyl-
methide (5 ml) and stirred in an atmosphere of nitrogen. 
Methyl iodide (5 ml) was introduced to the above solution 
and left stirring overnight. After removal of the solvents 
in vacuo 3N methanolic hydrogen chloride (30 ml) was added 
and then heated under reflux for 2 hr., and then reduced 
to dryness. Extraction with ethyl acetate, removal of the 
solvent and preparative tlc (kieselgel, ether-methanol 
(4:1) gave, beside other products, a-methyl-2,4-di-0-
methyl-N-acetylmycosaminide (7 mg) m.p. 127-129° (from 
ether); v (CHC1 3 ) 3435, 1670 cm-
1 ; M+ m/e 247; Anal. Found: 
C 53.32, H H.61, N 5.75, c 11 H21 No 5 requires C 53.42, 
H 8.51, N 5.66. 
a-Methyl mycosaminide hydrochloride 
Nystatin (250 mg) was refluxed in 3N methanolic hydrogen 
chloride (14 ml) for 2 hr. Removal of methanol followed 
by addition of water and extraction with n-butanol yielded 
a pale yellow aqueous solution which was concentrated to 
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dryness. The residue (45 mg) was washed in acetone and 
filtered to give a crystalline compound, m.p. 187-190° 
( . 44 8 0) Lit . 1 8-190 . 
a-Methyl-2 , 4-di-0-methyl-N-acetylmycosaminide from 
a-methyl mycosaminide hydrochloride 
a-Methyl mycosaminide hydrochloride (50 mg) was 
treated with 5% aqueous sodium bicarbonate (1 ml) and then 
evaporated down to dryness. Methanol (2 ml), acetic 
anhydride (0.5 ml) and dimethylsulphoxide (1 ml) were 
added to the residue and then left at room temperature for 
1 
2 
hr. The solvents were then removed in vacuo. A 
solution of sodium methylsulphinylmethide (5 ml) was intro-
duced to the residue in an atmosphere of nitrogen. Methyl 
iodide (5 ml) was added dropwise and the solution then 
left stirring at room temperature for 40 hr. The solution 
was removed of solvents, water added followed by extraction 
with ethyl acetate. Preparative tlc and recrystallization 
gave the required compound (20 mg), m.p. 
-1 + 3435 and 1670 cm ; M m/e 247. 
Retroaldolization of perhydronystatin 
0 128-130 ; \) 
Perhydronystatin (177 mg) in 10% aqueous sodium 
hydroxide (10 ml) was stirred with benzene (10 ml) at 65° 
for 2 hr. After breaking the emulsion with ether the 
organic phase was separated dried and reduced to dryness. 
Preparative tlc (kieselgel, ether) and recrystallization 
0 from pentane at -20 gave colourless 19,21-dihydroxy-
18 , 20-dimethyldocosan-l-enal (18 mg, 26%) (74), m.p. 
0 32-24 ; A (ethanol) 222 nm (log E: 4.15); v (cs 2 ) 3600,3500, 
-1 2855,2810,2920,2960,2730,1694,1635 and 1380 cm + M m/e 382; 
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o . r . d . ( c 0. 23 in ethanol, 25°) [ ¢ ] 500-600 + 46° I 
0 
+ 61 . 8 , [¢]400 
0 
+ 80.3 I 
0 [¢]350 + 113.3 
Retroaldolization of perhydroamphotericin B 
[¢] 450 
The same retroaldolization product (74) as that from 
perhydronystatin was obtained in 25% yield as judged by 
the identity of m.p., ir, nmr, uv, ord and mass spectral 
properties . 
1 , 3-dioxane of diol-acetal (75) from nystatin 
The diol-acetal (38) (66 mg) in anhydrous acetone 
(5 ml) was treated with 2-3 drops of concentrated sulphuric 
acid , then left at room temperature for 15 min. The 
reaction mixture was then neutralised with anhydrous sodium 
carbonate , filtered and the solid washed with a few 
portions of acetone. The filtrate was reduced down to 
dryness and the product then separated by tlc (kieselgel, 
ether-benzene 1: 1) to give the 1, 3-dioxane (15 mg, 19%), 
Rf 0 . 7 ; v 1740, -1 + 1435 and 1380 cm ; M m/e 302 
1 , 3-Butylene sulphate (78) 
Thionyl chloride (2.4 gm) was introduced dropwise 
to (±)-butane 1,3-butane 1,3-diol (3 gm) maintained at 
ice temperature. 0 The reaction was then warmed at 50 for 
1 hr. and then left overnight at room temperature with 
stirring. The product was extracted with ether and dried. 
Removal of ether and redistillation gave the cyclic sulphite 
(3.43 gm) , b.p. 34°/0.3 mm (Lit. 114 59°/10 mm); ir data in 
agreement with literature values; + M m/e 136. 
64. 
Cyclic sulphite of diol-acetal (76) from nystatin 
The diol-acetal (38) (122 mg) was dissolved in 
chloroform (5 ml) 0 at 0 . Thionyl chloride (0.5 ml) was 
added and the solution left overnight with stirring. 
Preparative tlc (kieselgel, ether) gave the cyclic sulphite 
(27 mg , 25%) as an oil, Rf 0 . 5; v (cs 2 ) 1739 and 1196 
cm-
1 ; (M-1) m/e 307. 
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CHAPTER 3 
STEREOCHEMISTRY OF PICROMYCIN AND NARBOMYCIN 
( i) Introduction 
56 Celmer's configurational model as used for the pre-
diction of the stereochemistry of the various asymmetric 
centres in macrolide antibiotics assumes that "extra" 
oxygen substituents, usually as hydroxyl groups, do not 
alter the absolute configuration of an asymmetric centre. 
The expectation of retention of configuration during en-
zymic hydroxylations in macrolides is a useful hypothesis, 
but so far no evidence has been presented which adequately 
demonstrates that biological hydroxylation of one macro-
lide into another occurs with retention of configuration 
at the centre of hydroxylation. The structures and 
stereochemistry of erythromycins A59 ( 6 ) 85 and B (7) have 
been determined. Erythromycin A is structurally 12-
hydroxy-erythromycin B, a result arrived at independently. 
It is likely that erythromycin B has been transformed 
biologically into erythromycin A by a hydroxylase with 
retention of configuration, but no work has been done to 
demonstrate this. Likewise, picromycin (3) is structur-
ally 12-hydroxy-narbomycin. Both picromycin and narbo-
mycin have unassigned Cl2 and 13 stereochemistry. They 
contain a common structural segment between C4 and 9 
having the same stereochemistry. Erythromycins A and B 
differ from picromycin and narbomycin in having this seg-
ment hydroxylated at C6. The absolute stereochemistry of 
this segment in the erythromycins is (4S,5R,6R,8R) and 
66. 
( 4 R , 5S , 6S,8R) (cf. Chart 1) for picromycin and narbomycin, 
h h la 1 d . . 70 f . h t ese Ca n-Ingo -Pre og escriptions re erring t e 
same absolute stereochemistry, which again suggests the 
configurational retention feature known for oxygenase 
60 
systems . 
h . . 75 h b' 1 . 1 Te recent communication on t e io ogica trans-
formation of narbomycin into picromycin by the washed 
mycelium of a picromycin - producing strain, Streptomyces 
sp . MCRL 0405, is the first reported work on the biological 
transformation of one macrolide into another. Narbomycin 
is therefore a biological precursor of picromycin. Trans-
formation, whether biologically or chemically, of this 
kind is of paramount importance in stereochemical studies 
because it offers a very rapid determination of the 
stereochemistry of closely related compounds. In the 
case of picromycin and narbomycin, the transformation in-
valves only the Cl2 asymmetric centre of both macrolides 
and hence the remaining asymmetric centres have identical 
stereochemistry. 
This communication 75 was published at a time when we 
were involved in the determination of the absolute stereo-
chemistry of the Cl2 and 13 asymmetric centres in both 
picromycin and narbomycin, an extension of the work on 
the stereochemistry of Cl0 and 11 in methymycin 65 . The 
present work will discuss the stereochemical assignments 
to these two asymmetric centres in the two macrolides, 
the outcome of which would add further support to the 
hypothesis of retention of configuration in enzymic 
hydroxylations in macrolide antibiotics. 
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(ii) The absolute configuration at Cl2 and 13 in picromycin 
. 63 , 64 . Previous results have already established the 
stereochemistry at C4, 5, 6 and 8 with a trans-olefinic 
bond at ClO and 11 for this 14 - membered non-polyene macro-
lide . The amino sugar desosamine , 3 , 4 , 6-trideoxy-3-
dimethylamino-D - xylo-hexose , has also been stereochemically 
. dl7 establishe , being in B-glycosidic linkage 50 to the 
aglycone . The asymmetric centres at C2, 12 and 13 remain 
to be defined in order to complete the total absolute 
s t ereochemistry of this macrolide . 
Picromycin was ozonised in methanol at -78° in order 
to cleave the ClO, 11 double bond and the ozonide then 
oxidised with acetic acid-hydrogen peroxide. Hydrolysis 
with methanolic potassium hydroxide and subsequent diazo-
methylation gave a small quantity of 2,3-dihydroxy-2-
methyl pentanoate by preparative gas liquid chromatography. 
It was not possible to determine the stereochemistry 
of the two asym~etric centres in this natural compound 
because of the small quantity of material obtained. In-
stead their stereochemistry was assigned on the results 
from synthetic material. 
In an earlier work on methymycin 65 , the same degrad-
ative sequence as used for picromycin also gave 2,3-
dihydroxy-2-methyl-pentanoate, also in small yield. The 
approach towards the stereochemical determination of this 
degradation product from methymycin is briefly described 
here . Synthetic (-)-erythro-2,3-dihydroxy-2-methylpentanoic 
acid was obtained by resolution of the (~)-erythro acids 
obtained by trans-hydroxylation of trans-2-methyl-2-
68. 
pentenoic acid with peroxyacetic acid. The (-)-erythro 
acid was reduced with lithium aluminium hydride followed 
by selective tosylation of the resulting primary alcohol. 
Reductive cleavage of the tosylate with lithium aluminium 
hydride gave (-)-2,3-dihydroxy-2-methylpentane. Deamin-
ation of S-(+)-butyrine with nitrous acid gave (-)-a-
hydroxybutyric acid by a reaction known to proceed with 
retention of configuration. Diazomethylation of the 
hydroxy-acid gave the corresponding methyl ester which on 
reaction with methyl magnesium iodide gave the same (-)-
2,3-dihydroxy-2-methylpentane. Extension of these re-
sults to synthetic (-)-erythro -2,3-dihydroxy-2- methyl-
pentanoic acid gave a 2S:3S stereochemistry. The degrad-
ation product from methymycin was found to be enantio-
meric to the synthetic (-)-erythro acid and therefore 
h d th 2R 3R t h . 65 a e : s ereoc emistry . 
The 2,3-dihydroxy-2-methylpentanoate from picromycin 
had the same retention time by gas liquid chromatography 
and almost identical infrared spectrum with the synthetic 
(-)-erythro-2,3-dihydroxy-2-methylpentanoate but optical 
rotatory dispersion showed that the natural product was 
enantiomeric to the synthetic material. The enantiomeric 
(+)-erythro acid from picromycin is therefore assigned a 
2R:3R stereochemistry which leads to the absolute config-
uration of 12S:13R in the parent macrolide. This result 
is in accord with Celmer's configurational mode1 56 . 
(iii) The absolute configuration at Cl2 and 13 in narbomycin 
Narbomycin (5), originally isolated from Streptomyces 
narbonensis in 1955 16 , was produced in this Laboratory 
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by an unidentified narbomycin-producing strain, Strepto-
myces sp.A 27834. Assignments of absolute stereochemistry 
have been made for the free sugar desosamine 17 and four 
centres of asymmetry in the aglycone, namely 4R, SS, 6S 
8 63,64 and R . The stereochemistry at C2, 10, 11, 12, 13 
and the anomeric centre remains to be defined to complete 
the stereochemistry of this non-polyene macrolide. Since 
the absolute configuration at Cl2 in picromycin has now 
been proven to be Sand if enzymic hydroxylation does 
occur with retention of configuration then the absolute 
configuration at Cl2 in narbomycin ought to be R, other-
wise S. 
The same degradative sequence as used for picromycin 
and methymycin was performed on narbomycin. Preparative 
gas liquid chromatography gave a small quantity of 
colourless oil identified as the methyl ester of 3-hydroxy-
2-methylpentanoic acid by comparison of its infrared and 
retention time with synthetic material. The natural 
methyl ester showed a positive plain dispersion curve in 
the 250-600 nm range. Since a limited quantity of the 
natural methyl ester was available, the determination of 
the two asymmetric centres was carried out on synthetic 
material. 
Synthetic ethyl 3-hydroxy-2-methylpentanoate was 
116 obtained by the method of Astachow and Reformatsky 
from ethyl 2-bromo-propionate and propionaldehyde as 
shown in Scheme 2. The synthetic material has two 
asymmetric centres and t h erefore contains fou r stereo-
isomers as the ( +) - t h r eo and ( + )-erythro c ompound s. 
7 0. 
The two racemates had not previously been separated and 
resolved. Gas liquid chromatography showed two components 
in approximately equal proportions, which were separated 
by spinning band distillation at low pressure. As ex-
pected, the two separated components representing threo 
and erythro racemates did not show any optical activity. 
The corresponding methyl esters were obtained by trans-
esterification with methanolic potassium hydroxide. The 
natural methyl ester from narbomycin corresponded to the 
synthetic methyl ester having the longer retention time. 
The separated (+)-threo and (+)-erythro ethyl 3-
hydroxy-2-methylpentanoates were hydrolysed to their 
corresponding acids. Attempts were made to resolve the 
racemic acids using a variety of optically active bases, 
such as brucine, strychnine, morphine and chloroamphenical 
base, without any success. Resolution of racemic alcohols 
can sometimes be achieved using optically active camphor 
sulphonyl chloride. The a-camphor sulphonates of either 
the (+)-threo and (+)-erythro esters were oils having very 
high boiling points. Attempts to separate them by gas 
liquid chromatography were not successful possibly because 
of their high molecular weights. 
It was about this time that Suzuki et al. 75 published 
the short note on the biological transformation of narbo-
mycin into picromycin. This experiment establishes the 
same absolute configurationat Cl3 in both the macrolides. 
The 13R stereochemistry in picromycin can now be related 
to Cl3 in narbomycin in an absolute sense. 
The process of resolving the (+)-threo and (+)-
71. 
erythro acids was then abandoned, since the relative ster-
eochemistry of the appropriate acid would lead to the 
absolute stereochemistry at Cl2 and 13 in narbomycin now 
that the Cl3 centre has been established absolutely as R. 
The assignment of relative stereochemistry, threo 
and erythro , to the two synthetic racemates is possible 
by a consideration of the average vicinal coupling cons-
tants associated with the 117 two racemates . The possib-
ility of assigning the configuration in a conformationally 
mobile molecule without the use of fixed models is illus-
trated by consideration of the Newman projections of the 
staggered conformations of a generalized erythro (8la,b,c) 
and threo (82a,b , c) diastereoisomers where L denotes a 
la r ge and Sa small substituent (each pair of L's and S's 
are two different groups). It is quite obvious from a 
consideration of non-bonded interactions that the conformer 
(81a) will contribute more heavily to the mixture (81) 
than conformer (82a) to the mixture (82). Knowing that 
J 
trans (¢ = 180°) will invariably be larger than J h gauc e 
( ¢ = 60 °) , in accordance with the Karpl us equation, it is 
predicted that, at room temperatures, the average vicinal 
coupling constant (JAB) in the erythro isomer will tend 
to be larger than that in the threo isomer, thus enabling 
one to assign their relative configurations. 
The designations L, L', Sand S' in the Newman pro-
jections correspond respectively to -COOCH
2
cH
3
, CH
3
CH
2
, 
CH 3 and OH in synthetic ethyl 3-hydroxy-2-methylpentanoate, 
where J is J AB H2 ,H 3 
The component having the shorter 
retention time has a quintet signal at T 7.48 corresponding 
~ 
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This proton is equally coupled to the methyl protons 
and H3 with a coupling constant of 7.0 Hz . The longer 
retention time component has a double quartet (J 
H2,H3 
4. 0 Hz and J 
H2 , cH 3 
basis of the size 
7.0 Hz) at T 7 . 49 for H2 . So, 
of these two coupling constants, 
on the 
J 7.0 Hz for the shorter retention time component 
H2 , H3 
and J 4.0 Hz for the longer retention time component, 
H2,H3 
the erythro configuration is assigned to the former and 
the threo configuration to the latter component. 
Rigid or ananchomeric l,3-dioxanes 7 6 have been 
found to be useful models for nuclear magnetic resonance 
investigations. The above erythro and threo assignments 
to the two components are further confirmed by nuclear 
magnetic resonance studies of the respective 1,3-dioxanes 
derived from them. The separated ethyl esters were re-
duced by lithium aluminium hydride to the racemic 3-
hydroxy-2-methylpentanols which on treatment with acetone 
in the presence of a catalytic amount of concentrated 
sulphuric acid gave the tetra-substituted 1,3-dioxanes, 
4-ethyl-2,2,5-trimethyl-l,3-dioxanes as shown in Scheme 
2 . 
h d f d f . 118 f h Te expecte pre erre con ormations or t e 
(+)-1,3-dioxane derived from the (+)-erythro ester are 
represented by (83) and (84) and that from the (+)-threo 
esters by (85) and (86). 
The nuclear magnetic resonance spectrum (cf. Fig. 3) 
(CDC1 3 ) of the (+)-1,3-dioxane derived from the (+)-ethyl 
ester having the shorter retention time on gas liquid 
chromatography showed a doublet (J 7.0 Hz) at T 9.25 and 
H 
H 
( 83) ( 84) 
H 
( 85) ( 86) 
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a triplet (J 7.0 Hz) at T 9.07 corresponding to the methyls 
at CS and C4' respectively. The gem-dimethyls at C2 
appeared as two singlets at T 8.57 and T 8.60. The com-
plex pattern between T 8.0-9.0 were the signals due to 
the methylene and methine protons at C4' and CS. A double 
doublet (J 5.0 and 11.0 Hz) at T 6.27 was assigned to one 
of the protons at C6. The three-line pattern (J 11.0 Hz) 
at T 6.54 was also ascribed to a C6 proton and was equally 
coupled to the other proton at the same carbon centre and 
that at CS. By virtue of its large coupling constant, 
J 11.0 Hz, with H5 , an axial-axial relationship is indi-
cated between this latter C6 proton and H5 . T 6.27 is 
thus the equatorial proton at C6 with J 5 6 5.0 Hz. ax, eq 
H4 was partially hidden by the signal due to H6 ax and 
appeared to center at T 6.63. An analysis of this signal 
is not possible. 
119 Recently a variety of paramagnetic shift reagents 
has aroused considerable interest because they produce 
magnified chemical shifts in nuclear magnetic resonance 
spectra of lone pair containing organic compounds. These 
shift reagents are metal complexes which may associate 
with a wide variety of organic substrates and through 
association induce paramagnetic shifts in the spectra of 
organic compounds. This has prompted us to study the 
application of tris (1,1,1,2,2,3,3-heptafluro-7,7-
dimethyl-4,6-octanedione) europium (III), 120 Eu(fod) 3 , 
in particular, because of its greater solubility over 
other shift reagents. Moreover, the electron-withdrawing 
fluorines increase the residual acidity of the cation, 
7 4. 
making it a better co-ordination site for weak donors. 
Our 1,3-dioxanes ought to be suitable for such studies 
since H4 and the two H6 protons are adjacent to lone-
pair containing oxygen functions . Results published so 
far of shifts by Eu(fod) 3 have shown that signals are 
shifted to lower field 119 . 
The addition of Eu(fod) 3 to the CDC1 3 solution of 
the above 1,3-dioxane (cf. Fig. 4) shifted the methyl 
doublet and triplet to T 9.02 and T 8.78 respectively, 
while the two singlets due to the gem-dimethyls at C2 
were moved to T 7.19 and T 7.72. The H4 , H6 and H ax 6eq 
signals were shifted downfield to three distinct regions 
with splitting patterns which were amenable to first 
order analysis. H6 appeared again as a double doublet eq 
at T 4.99 and H6 a triplet at T 5.34. ax Their coupling 
constants were not affected by the addition of the shift 
reagent. The 8-line pattern centered at T 5.90 was 
attributable to H4 with coupling constants of 9.0, 7.5 
and 3.5 Hz, associated with it. This pattern arises be-
cause the methylene protons at C4' are next to an 
asymmetric centre, C4 in this case, and are therefore 
non-equivalent. Double irradiation at T 8.20 collapsed 
the 8-line signal to a doublet (J 9.0 Hz) at T 5.90 with-
out affecting the methylene protons at C6 . T 8.20 is 
therefore the methylene protons at C4' and the coupling 
constant, 9.0 Hz, is that between H4 and H5 . The mag-
nitude of this coupling constant is indicative of an 
axial-axial relationship between H4 and H5 . The coupling 
constants of 3.5 and 7.5 Hz are the couplings of H 4ax 
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with the non-equivalent methylene protons at C4'. 
The above data require a 1,3-dioxane having an axial 
proton at C4 and another at CS and are clearly compatible 
only with the (+)-1,3-dioxane depicted by (83) which would 
be derived from the (+)-erythro ester. The component 
having the shorter retention time therefore belonged to 
the erythro series, in agreement with the assignments 
based on coupling constants in the racemic ethyl esters. 
This 1 , 3-dioxane has the 4S , SR stereochemistry. Its 
opposite enantiomer, drawn in the conformation as shown 
in (84) and having the 4R,5S stereochemistry, is the 
thermodynamically unfavourable one by virtue of its axial 
alkyl substituents at C4 and 5. 
The nuclear magnetic resonance spectrum (cf. Fig. 
5) (in CDC1 3 ) of the (+)-1,3-dioxane derived from the 
(+) - ethyl ester having the longer retention time showed 
a triplet (J 7.0 Hz) at T 9.1 and a doublet (J 7.0 Hz) 
at T 8.93 due to the methyls at C4' and CS respectively. 
The gem-dimethyls at C2 appeared as two singlets at 
T 8.54 and T 8.58 and they overlapped the methylene and 
methine proton signals. The three remaining protons H4 , 
H6 and H6 appeared in three distinct spectral regions ax eq 
and were amenable to first order analysis. Two double 
doublets, one at T 5.91 (J 3.0 and 11.5 Hz) and the other 
at T 6. 44 (J 2. 0 and 11. 5 Hz), were assigned to the C6 
protons with J 6 6 11.5 Hz. ax, eq These two protons were 
coupled to H5 with coupling constants of 3.0 and 2.0 Hz 
respectively and therefore required H5 to be equatorial. 
H4 appeared as a double triplet at T 6.2, the triplet 
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having a coupling constant of 7.0 Hz and the doublet 2.5 
Hz. The larger coupling constant is attributed to that 
between H4 and the C4' methylene and the smaller one 
between H4 and H5 . The coupling constant of 2.5 Hz 
between H4 and H5 is indicative of an axial-equatorial 
o r a di e qua to r i a 1 re 1 a ti on sh i p. ( 8 3 ) and ( 8 4 ) w i 11 have to 
be excluded in this part of the discussion since they be-
long to the (+)-erythro series. Since H5 has to be 
equatorial, (86) is also rejected. Evidence that (85) 
is indeed the preferred conformation is provided by pre-
. 1 bl' h d 1· 761121 d h · 1 vious y esta is e couping constant an c emica 
shift data in a series of substituted 1,3-dioxanes. 
These data show that J range between 4ax,Seq(6ax,Seq) 
2.5-4.4 Hz and J 1.2-1.9 Hz. 4eq,5eq(6eq,Seq) The coupling 
constant J 2.5 Hz would require H4 to be axial since H4,HS 
H5 has already been established as equatorial. Chemical 
shift data show that H4 and H resonate in the range eq 6eq 
T 5.86-6.24 and H and H 6 at higher field between 4ax ax 
T 6.44-6.96. The chemical shift T 5.91 for one of the 
C6 protons is therefore assigned to H
6 
while that at 
eq 
T 6.44 to H
6 
. 
ax 
The addition of the shift reagent, Eu(fod) 3 , to the 
solution of the sample in CDC1 3 shifted H6 eq to T 5.16, 
H6 to T 5.54 and H to T 5.72. ax 4ax The gem-dimethyls 
at C2 were shifted to T 7.76 and T 8.04 respectively 
thereby exposing the methylene and methine protons pre-
viously overlapped by them. Double irradiation at T 
8.26 collapsed the H6 and H6 signals to doublets eq ax 
each having a coupling constant of 11.5 Hz, and H4 to ax 
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a slightly broadened singlet. The above phenomenon is a 
consequence of the complete saturation of the methine and 
methylene proton signals, apparently centered at T 8.26. 
These data are again in agreement with and confirm 
our previous assignments of the threo configuration to 
the (+)-ethyl ester having the longer retention time 
since (85) is derived from the (+)-threo ester. This 
1 , 3 - dioxane (85) has the 4S,5S stereochemistry. Its 
opposite enantiomer (86) is likewise assigned the 4R, SR 
stereochemistry. 
The (+)-methyl 3-hydroxy-2-methylpentanoate from 
narbomycin corresponded in retention time and infrared 
with (+)-threo-methyl 3-hydroxy-2-methylpentanoate. The 
synthetic material is a mixture of 2R,3S and 2S,3R com-
ponents, of which one corresponds to the natural (+)-
methyl ester. The biological transformation of narbo-
mycin into picromycin fixes the absolute configuration 
at Cl3 in both macrolides, the absolute stereochemistry 
of which has already been established as R earlier on. 
This Cl3 centre corresponds to the C3 centre in our 
natural (+)-methyl ester and hence its total assignment 
is 2S,3R. Translating this stereochemistry to narbomycin 
itself will define the absolute configuration at Cl2 and 
13 as 12R,13R. It again demonstrates that enzymic hydroxy-
lation occurs with retention of configuration, a feature 
noted in Celmer' s configurational model (cf. Chart 1). 
122 Snow reported that mycobactin, a growth factor 
for Mycobacterium johnei isolated from Myca phlei, gave 
cobactin and mycobactic acid on alkaline treatment, the 
7 8. 
former on hydrolysis yielding (-)-3-hydroxy-2-methyl-
pentanoic acid. The stereochemistry of this (-)-C acid 6 
was not determined. Its crystalline p-bromophenacyl 
ester had m.p. 89.5-90°. Since we had (+)-erythro and 
(+)-threo ethyl 3-hydroxy-2-methylpentanoate in our hands, 
the ethyl esters were hydrolysed to their corresponding 
acids and crystalline p-bromophenacyl esters made from 
them. The p-bromophenacyl ester from the (+)-erythro 
series has m.p. 90-91°, while that from the (+)-threo 
series 77-79°. Although the ordinary physical properties 
of pure enantiomers, apart from their optical properties, 
are identical, they are frequently different from the 
physical properties of the racemic mixture. Cases where 
the melting point of a racemate is similar to the melting 
point of the pure enantiomers are also not uncommon. Thus 
the identity of the melting points of the p-bromophenacyl 
esters from (+)-erythro 3-hydroxy-2-methylpentanoic acid 
and (-)-3-hydroxy-2-methylpentanoic acid from cobactin 
may be fortuitous, and this evidence in itself cannot be 
used to assign absolute stereochemistry to the ( - ) -c 
6 
acid from cobactin. We are endeavouring to obtain a 
sample of the p-bromophenacyl ester from the 
for direct comparison. 
(-)-C acid 
6 
(iv) The asymmetric centre at C2 in picromycin and 
narbomycin 
The C2 centre in picromycin and narbomycin is a 
difficult one to approach from the stereochemical view-
point since a thermodynamic equilibrium , via the enol 
form of the S-keto lactone, could readily occur creating 
79. 
an equilibrium mixture of the two isomers at C2, or even 
resulting in epimerization at that centre. Care is there-
fore needed to prevent reactions that may cause equilibrium. 
Only one form of picromycin and narbomycin has been isol-
ated and it would have to be assumed that they have the 
original natural configuration. The macrolides erythro-
mycins, oleandomycin, neomethymycin and methymycin have 
the same absolute configuration 2R (Chart 1) and if the 
. 56 f assumption o a common biosynthetic route is correct, 
then this configuration is most likely for both picromycin 
and narbomycin. 
A report of an x-ray diffraction study of cromycin 
(87) 123 , the anhydro-aglycone hydrolysis product of 
picromycin, was recently published. A detailed configur-
ational description of the anhydro-aglycone establishes 
the absolute configuration at C2 as R. Picromycin itself 
would be expected to have this 2R stereochemistry if the 
only asymmetric centres disturbed during the hydrolysis 
were those at C4 and 5. If this assignment is correct, 
then narbomycin would also be expected to have the 2R 
stereochemistry since 75 it is a precursor of picromycin 
and there would seem to be no reason why epimerization 
should have occurred at C2 during the biological trans-
formation. 
To further confirm the same absolute configuration 
at C2 , optical rotatory dispersion curves of picromycin 
and narbomycin in methanol solutions at 25° were recorded. 
Both exhibited positive Cotton effect at about 300 nm, 
that is, [ ¢ ] 305 + 1689 ° for picromycin and [ ¢ ] 300 + 5938 ° 
0 0 
(87) 
Table 3 
Chemical shifts (t) in CDC1 3 
H-1' H-2 Methyl H-5 H-10 H-11 H-12 H-13 
on C-2 
Picroaycin 5.66 (d) 6.10 (q) 8.52 (d) 3. 75 (d) 3.4 (d) 4.98(dd) 
(3) J 7.3 Hz J 7.2 Hz J 7.2 Hz J 15.6Hz J 15.6Hz J 3.0, 
10.5Hz 
' 
Narbonolide 6.25 (q) 6.09 3.87(dd) 3.06(dd) 7.30 4 .86(dt) 
(88) J 6.7 Hz J 1.0, J 6.0, J 2.5, 
15.5Hz 15.5Hz 6.3 Hz 
Narboaycin 5.63 (d) 6.12 (q) 8.60 (d) 5.8l(dd) 3.87(dd) 3.30(dd) 5.05 (•) 
(5) J 7.5 Hz J 7.0 Hz J 7.0 Hz J 2.0, J 1.5, J 6.0, 
6.0 Hz 16.0tu 16.0Hz 
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for narbomycin. In this region each curve will be a 
composite one derived from the conjugated and non-conjugated 
carbonyls. The two curves differed only in the magnitude 
of rotations in the 250-600 nm range but otherwise their 
shapes were identical. The ultraviolet absorption maximum 
for picromycin is at 224 nm while that for narbomycin at 
227 nm. The lactone carbonyl would not interfere in the 
range studied and very much less the effect of the Cl2 
asymmetric centre in both macrolides. We know the abso-
lute stereochemistry around the conjugated chromophore in 
the two macrolides is the same and the sole determinant 
of the shape of the curve would be the C2 asymmetric 
centre. From similarity of the two curves, it is tentat-
ively concluded that the absolute stereochemistry around 
the saturated carbonyl is also the same, assuming no 
major conformational differences exist between the two 
macrolide antibiotics. 
The x-ray structure o t cromycin also confirms our 
assignments at Cl2 and 13 in picromycin. The total absolute 
configuration of picromycin can now be defined as 2R,4R,5S, 
6S,8R,10,ll-trans, 12S,13R,l'S,2'R,3'S,5'R where desosamine 
is in 8-glycosidic linkage to the aglycone. 
(v) The total absolute stereochemistry of narbomycin 
The nuclear magnetic resonance spectrum of narbomycin 
has not been reported except for some data of the aglycone 
narbonolide (88) 75 . These data together with that from 
picromycin will facilitate the interpretation of the 100 
MHz nmr spectrum (in CDC1 3 ) of narbomycin. Table 3 lists 
some of the assignments to the various protons in these 
81. 
mac~olides. 
In narbomycin, two double doublets, one at T 3.30 
(J 6.0 and 16.0 Hz) and the other at T 3.87 (J 1.5 and 
16.0 Hz) are assigned to the H11 and H10 olefinic protons 
respectively. These olefinic protons are trans-coupled 
by virtue of the large coupling constant, 16.0 Hz, 
between them. The quartet (J 7.0 Hz) at T 6.12 is 
assigned to H2 and the methyl group to which it is 
coupled appears as a doublet (J 7.0 Hz) at T 8.60. In 
picromycin, H2 appears as a quartet (J 7.2 Hz) at T 6.10 
and the c 2 -cH 3 a doublet (J 7.2 Hz) at T 8.52. The close 
correspondence of these chemical shift and coupling cons-
tant data between narbomycin and picromycin provides more 
evidence for the same stereochemistry at C2 in both the 
macrolides. The H1 , doublet (J 7.5 Hz) at T 5.63 closely 
resembles the anomeric proton resonances in other B-o-
desosamine 65 glycosides , and by relation to the adjacent 
2'R stereochemistry establishes the B or l'S configuration 
at this centre. The double doublet (J 2.0 and 6.0 Hz) 
at 1 5.81 and the multiplet at 1 5.05 can be assigned to 
H5 and H13 respectively. The broad singlet at 1 7.65 is 
due to the N-dimethyl protons. No definite assignments 
can be made to the other c omplex signals. 
Together with the known stereochemistry at the other 
asymmetric centres, the total absolute configuration of 
narbomycin can now be defined as 2R,4R,5S,6S,8R,10,ll-
trans,12R,13R,l'S,2'R,3'S,5'R where desosamine is in B-
glycosidic linkage to the aglycone. 
8 2. 
EXPERIMENTAL 
General Information - as for Chapter 2. 
Centrifugation was carried out at high speed of 
10,000 rpm on an MSE High Speed 18 Refrigerator Centri-
fuge. 
An annular teflon spinning band distillation column 
was used with the pot temperature maintained at 70° at 
0.3 mm pressure. 
Preparative gas liquid chromatography (glc) was 
carried out on a Varian Aerograph Series 1700 Chromato-
graph using 5% QF 1 and 5% Carbowax 20 M columns. The 
materials were collected in U-shaped glass capillaries 
maintained at ice temperature. 
(+)-erythro-methyl-2,3-dihydroxy-2-methylpentanoate from 
picromycin 
Picromycin (60 mg) in methanol (5 ml) was ozonised 
to completion at -78 ° (ca. 1 hr.), and the solvent then 
removed. Acetic acid (0.5 ml) and 100 Vol. hydrogen 
peroxide (0.25 ml) were added and left at room temperature 
for 30 min. Excess hydrogen peroxide was destroyed with 
sulphur dioxide and the solvents removed. 1% methanolic 
potassium hydroxide (10 ml) was added and after 30 min. 
2 N hydrochloric acid was added. Extraction with methylene 
chloride gave an oil (29 mg) which was diazomethylated. 
The component corresponding in retention time (glc) to 
synthetic (-) -erythro-methy l -2,3-dihydroxy-2-methylpent-
anoate was collected at 100° using a 5% QF 1 column. 
The natura l and synthetic compounds have almost identical 
i. r. spectra, \) 3570, -1 3530 and 1730 cm ; 
8 3. 
o.r.d. of syntheti c methyl ester (c 0.1566 in ethanol, 
Q, = 0.1, 25 0 ) [¢]600 - 100, [¢)500 - 26 0 , [¢]400 - 310, 
the natural methyl ester was enantio-
meric to the (-)-erythro methyl ester. 
Production, isolation and purification of narbomycin 
A narbomycin-producing strain, Streptomyc~s sp. 
A 27834 was initially grown for 5 days at 29° in a corn-
steep medium of the following composition: cornsteep 
solids (10 gm), unrefined glucose (10 gm), calcium 
carbonate (10 gm), dipotassium hydrogen phosphate (2 gm) 
per liter of tap water. The pH was adjusted to 7.8 and 
then sterilized for 20 min. at one atmospheric pressure 
prior to growth. After the 5-day period, it was used as 
an innoculum for forty-two 250-ml flasks each containing 
100 ml of the cornsteep medium. The incubation was per-
formed on a rotatory shaker at 29°. The culture medium 
was harvested on the fourth day. The medium was separ-
ated from the mycelium by high speed centrifuge and its 
pH adjusted to ca. 9 with 5% sodium bicarbonate solution. 
Extraction with ethyl acetate gave material (310 mg) 
which showed one major component by tlc. A rough estimate 
of the amount of narbomycin present could be derived by 
u.v. measurement at A 290 nm 
max 
log E 4.14), this 
absorption being due to the formation of the enolate 
anion -OCO.CMe = C-O on addition of alkali. Calculation 
showed 195.7 mg of narbomycin. Preparative tlc (alumina, 
ether) followed by recrystallization from light petroleum-
( . 16 ether gave crystalline narbomycin, m.p. 113-115° Lit. 
113-115°); V (CC1 4 ) 3460, 2975, 2940, 2880, 2790, 1746, 
1709, 1696, 1672, 1633, 1460 and 1380 -1 cm 
84. 
(ethanol) 
227 nm (log E 4.00) changing on addition of alkali to 
A 227 (inf 1.) and 290 nm (log E 4.14); + M m/e 509. 
Long chain fatty acids from mycelium of Streptomyces sp. 
A 27834 
Continuous ether extraction of the dried powdered 
mycelium from above gave an unusual combination of long 
chain iso-fatty acids, characterized as their methyl 
esters. V 2950, 2920, 2855, 1738, 1460, 1435, 
1368, 1195, 1175 and 1120 
COOCH 3 ), 7.8 (t , J 7.0 Hz, 
( s ' 
-1 
cm ; T 
-(CH ) - ) 
-2 n 
6.42 s ' 
and 9.14 ( d ' J 6.0 
+ M m/e 242, 256, 270 and 284 corres -
ponding to the methyl esters of long chain iso - f atty 
n = 10, 11, 12 and 13. 
(+)-threo-methyl-3-hydroxy-2-~ethylpentanoate 
Narbomycin (150 mg) in methanol (5 ml) was ozonised 
to completion at -78° (ca. l hr.). After removal of the 
solvent , acetic acid (0.5 ml) and 100 Vol. hydrogen 
peroxide (0.5 ml ) were added and the mixture then left 
at room temperature for 30 min. The excess hydrogen 
peroxide was destroyed with sulphur dioxide. After re-
moval of the solvents, 1% methanolic potassium hydroxide 
(10 ml) was added and after 30 min., 2 N hydrochloric 
acid was added. Extraction with methylene chloride gave 
an oil (105 mg) which was diazomethylated. Glc separation 
on a 5% Carbowax 20 M column at 120° gave a methyl ester 
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having the same retention time as synthetic (+ J -threo-
methyl-3-hydroxy-2-methylpentanoate . The natural methyl 
-1 1435 and 1170 cm ester shows v 3540, 1732, 1453, 
and that of the synthetic methyl ester, v (CC1
4
) 3540, 
1730, 1460, 1437 and 1180 -1 cm o.r.d. (c 0.1 in ethanol, 
.Q, = 0.1, 250) [¢]589 + 220, [¢]550 + 29 0 , [¢]500 + 44 0 , 
[ ,i,] + 58° and 
't' 4 00 [cp]350 + 73 0 _ 
Ethyl 3-hydroxy-2-methylpentanoate 
The procedure adopted for use was essentially that 
116 
of Astachow and Reformatsky . In a 250-ml two-necked 
flask , fitted with a separatory funnel and a reflux con -
denser, the upper end of which was protected by a calcium 
chloride drying tube, was placed zinc wool (19.6 gm). 
A solution of ethyl-2-bromopropionate (36.2 gm) and 
propionaldehyde (11.6 gm) in dry benzene (40 ml) and 
anhydrous ether (10 ml ) was introduced dropwise from the 
separatory funnel into the zinc. The reaction mixture 
was refluxed overnight, cooled and cold 10% sulphuric 
acid (200 ml) added. The acid layer was removed and ex-
tracted with ether ( 5 x 100 ml). The combined organic 
extract was washed with 5% sodium bicarbonate solution 
(2 x 100 ml) and again with water, dried and stripped of 
solvent. Redistillation gave a colourless oil (16. 5 gm) , 
b.p. 49-51 ° /0.l mm 116 (Lit. 2 13 - 2 15 ° / 7 6 0 mm) . Glc showed 
two components in approximately equal proportions corres-
ponding to the (+)-erythro and (+)-threo ethyl esters. 
\) (film) 3460, 1725, 1460, 1380 and 1190 -1 cm T 
5.83 (q, J 7.0 Hz, CH3 -cH 2 -0-) 6.30 (m, -CH-OH ) , 6.94 
(m, CH-OH, disappeared on addition of o
2
o), 7.53 (m, 
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CH 3 -CH-CHOH), 8.52 (m, CH 3-cH 2 -CHOH), 8.71 (t, J 7.0 Hz, 
CH 3 -cH 2 -), 8.78 (d, J 7.0 Hz, CH 3 -CH-) and 9.00 (t, J 7.0 
+ Hz, CH 3 -cH 2 -); M m/e 160; Anal. Found: C 60.38, 
H 9.85, c 8 H16 o 3 requires C 59.98, H 10.07. 
The erythro and threo racemates were separated by 
spinning band distillation at 0.3 mm Hg pressure with 
the pot temperature maintained at 70°. The droprate 
was ca. 10-15 per min. and the purity of each component 
was checked by glc (5% Carbowax 20 M, 120°). Only pure 
fractions were retained. 
(+)-erythro ethyl 3-hydroxy-2-methylpentanoate 
This is the component having the shorter retention 
time. V (film) 3460, 1720, 1460, 1380 and 1187 -1 cm ; 
1 (CDC1 3 ) 5.84 (q , 7.0 Hz, CH 3 -cH 2 -o-), 6.41 (m, -CH-OH), 
7.19 (d, J 6.5 Hz, -CH-OH), 7.48 qn, J 7.0 Hz, CH 3 -CH-
CHOH), 8. 52 (m, CH 3 -cH 2 -CHOH), 8. 72 (t, J 7. 0 Hz, 
CH 3 -CH-) and 9.01 (t, J 7.0 Hz, CH 3 -cH 2 -); 
+ M m/e 160; 
Anal. Found: C 60.24, H 9.98, c 8 H16 o 3 requires C 59.98, 
H 10.07. 
(+)-threo ethyl 3-hydroxy-2-methylpentanoate 
time. 
This is the component having the longer retention 
Its i.r. spectrum is almost identical to the 
erythro racemate. 1 5. 8 5 (q, J 7.0 Hz, CH -CH -0-) 3 -2 ' 
6.22 (m, CH-OH), 7.28 (b, CH-OH), 7.49 (dq, J 4.0 and 
7.0 Hz, CH 3 -CH-CHOH), 8.56 (m, CH 3 -cH 2 -), 8.73 (t, J 7.0 
Hz, CH 3 -cH 2 -o-), 8.78 (d , J 7.0 Hz, CH 3 -CH-) and 9.03 
+ (t , J 7.0 Hz, CH 3 -cH 2 -); M m/e 160; Anal. Found: 
C 59.96, H 9.89, c 8 H16o 3 requires C 59.98, H 10.07. 
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(~ -erythro-3-hydroxy-2-methylpencanol 
(~J-erythro ethyl 3-hydroxy-2-methylpentanoate (500 
mg) in anhydrous ether 15 ml) was added dropwise to 
lithium aluminium hydride (250 mg) in ether (10 ml). 
When the reaction had subsided, the reaction mixture was 
refluxed for 5 hr., cooled and the excess hydride des-
troyed with aqueous hydrochloric acid. A homogeneous 
oil (324 mg) was obtained by chloroform extraction of 
the reaction mixture. v (CC1 4 ) 3620, 3360, 1460, 1420, 
1380, 1035 and 967 -1 cm ; T 6.0-7.0 ( m, 
Hz, CH -CH-) 3 -2 and 9.11 (d, J 7.0 Hz, CH 3 -CH-); 
CH-OH+ 
m/e 89, (M-C 2 H5 -H 20), m/e 71; Anal. Found: C 61.23, 
H 11.61, c 6 H14 o2 requires C 60.98, H 11.94. 
(+)-threo-3-hydroxy-2-mechylpentanol 
Lithium aluminium hydride reduction of (+)-threo 
ethyl 3-hydroxy-2-methylpentanoate (500 mg) gave the 
corresponding dihydroxy compound (358 mg). The i.r. 
spectrum is comparable to that of the erythro dihydroxy 
racemate -1 except for the bands at 1035 and 967 cm which 
-1 
occur at 1050 and 960 cm in the present threo racemate. 
1 6.35 (m, -CH-OH), 6. 31 (d, J 6.0 Hz, 
-CH -OH) 
-2 , 
7. 36 (m, 2 x OH, disappeared on addition of n
2
o), 8. 0-
and 9.08 (d, J 7.5 Hz, CH
3
-CH-); 
Anal. Found: C 61.02, H 11.81, 
88. 
4-Ethyl-2,2,5-tr i methyl-l,3-dioxane 
(+)-erythro and (~ ) -threo 3-hydroxy-2-methylpentanol 
were converted to their corresponding 1,3-dioxane by the 
following general pro c edure: 
The diol (500 mg) in a c etone ( 10 ml ) and two drops 
of concentrated sulphuric acid was left for 15 min. at 
room temperature with stirring. Anhydrous sodium carbon-
ate was added to neutralize the acid and then filtered 
with acetone washings. Removal of acetone gave a sweet 
smelling white oil (555 mg) which was separated by 
preparative glc on a 5% Carbowax 20 M column at 80° as 
the major component. The i.r. spectra of the 1,3-dioxanes 
show absence of hydroxyls with some minor differences 
between them. + M m/e 158 for both compounds; Anal. 
Found: C 68.51, H 11.51 (1,3-dioxane from the erythro 
racemate), C 68.53, H 11.37 (1,3-dioxane from the threo 
racemate ) , c 9 H18o 2 requires C 68.31, H 11.47. 
p-Bromophenacyl ester of (+) -erythro-3-hydroxy-2-methyl-
pentanoic acid 
(+)-erythro ethyl 3-hydroxy-2-methylpentanoate 
(180 mg) was treated with 5% sodium hydroxide (5 ml) 
and then left at room temperature for 2 hr. The alkaline 
mixture was extra c ted with ether to remove any neutral 
or starting material, then acidified with 5% sulphuric 
acid. To the acid was added water (1 ml), then just made 
alkaline with 5% sodium hydroxide. p-Bromophenacyl 
bromide (281 mg) in methanol (5 ml) was added to the acid 
and the reaction mixture refluxed for 1 hr. The mixture 
was filtered to remove impurities, and then filtrate 
89. 
cooled at ca. 0 when a white precipitate began to form. 
This was filtered, washed with water and then recrystall-
ized from light pecroleum-ether (1: 1) to give white 
crystalline needles (75 mg), m.p. 90-91 ° . 
1730, 1690, -1 1582 and 972 cm ; (hexane) 
v (CHC1 3 ) 3470, 
257 nm (log E 
4 . 3 ) ; T (CDC1 3 ) 2 . 2 l , 2.38 (A2B2 system, JAB 8.0 Hz, 
for aromatic protons), 4. 5 6, 4. 7 2 (AB system, J AB 18.0 
CO-O-CH2-co-), 6. 3 ( m, CH -CH-OH) 2 - , 6.75 ( d, J 6.5 Hz, 
CH-OH), 7.30 ( qn' J 7.0 Hz, CH -CH-CH) 3 - , 8.40 ( m, 
and 8.95 (t, 
+ M m/e 328/330. 
p-Bromophenacyl ester of (+)-threo-3 -hydroxy-2-methyl-
pentanoic acid 
Hz, 
The (+)-threo acid obtained by alkaline hydrolysis 
of its corresponding threo ethyl ester gave the p-
bromophenacyl ester (m .p. 77-79 °) having identical i.r. 
spectral properties as that from the (+)-erythro counter-
part. A (hexane) 257 nm (log s 4.2); T ( c oe 1 3 ) 2 . 2 2 , 
2. 39 (A 2 B2 system, JAB 8.0 Hz, for aromatic protons), 
4.52, 4.80 (AB system, JAB 16.0 Hz, CO-O-CH 2 -co-), 6.0 
(m, CH 2 -CH-OH), 6.99 (d, J 5.0 Hz, CH-OH), 7.25 (dq, 
J 3.5 and 7.0 Hz, CH 3 -CH-CH), 8.48 (m, CH 3 -cH 2 -CH), 
8.77 (d, J 7.0 Hz, CH 3 -CH) and 8.97 (t, J 7.0 Hz, CH 3 -cH 2 ); 
+ M m/e 328/330. 
(+)-threo methyl 3-hydroxy-2-methylpentanoate 
(+)-threo ethyl 3-hydroxy-2-methylpentanoate was 
quantitatively converted to the methyl ester by tran~ 
esterification using 1% methanolic potassium hydroxide 
at room temperature for 12 hr. The methyl ester was 
90. 
obtained by ethyl aceLate ex t ractio n and redistilled 
( b . p . 5 4 - 5 6 ° / 0 . 6 mm ) . V CC1 4 J 3540, 1735 , 1460, 1437 
-1 
and 1180 cm ; T (C DC1 3 J 6.3 (m, CH 2 -CH-OH), 6.32 
(s, COOCH3 ) , 7.22 m, CH-OH), 7.49 ( dq, J 4.0 and 7.o 
Hz, CH 3 -cH-CHOH ) , 8.57 (m, CH 3 -cH 2 ) , 8.83 (d, J 7.0 Hz, 
(t , J 7.0 Hz, CH 3 -CH); - 2 
(M-15 ) m/e 131, ( M-18 ) m/e 128, ( M-31 ) m/e 115. 
Optical rotatory dispersion of picromycin in methanol 
(c 0.23, t 0.1, 25 °) 
+ 91°' [<P] 305 + 1689 °. 
[¢]450-600 °0 1 [¢]400-450 
Optical rotatory dispersion of narbomycin in methanol 
(c 0.09, t 0.1, 25 °) : [¢] 550 _ 600 0 ° , [¢] 500 + 275°, 
[¢] 450 + 3300 , [¢] 400 
5938°. 
495 0 , [¢]350 + 5500, [¢]300 + 
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CHAPTER 4 
SOME METABOLITES FROM HELMINTHOSPORIUM BISEPTATUM 
( i) Introduction 
To date, more than thirty fungi of the species 
Helminthospo~ium have been mentioned in the literature 
and a recent addition has been identified as Helminthos-
porium biseptatum Sacc. 124 and Raum. This is a fungal 
pathogen isolated from leaves of Romulea rosea (Linn.) 
Eckl. collected from very toxic pastures, near Seymour, 
about sixty miles north-east of Melbourne. R. rosea, 
known locally as onion grass, is a common constituent of 
I 
pastures in many districts of Victoria and provides val-
uable feed for stock in dry autumn. In certain seasons 
a disease of sheep is associated with the consumption of 
pasture containing a high percentage of R. rosea. 
125 Gorrie named the disease "romulosis" whose syndrome 
includes infertility, abortion and paralysis. Preliminary 
feeding trials were conducted on laboratory mice and 
guinea pigs fed on food incorporated with oatmeal cultures 
of the 124 fungus . The results showed that the fungus 
caused a reduction in the breeding efficiency of these 
animals. 
In 1953, the Division of Industrial Chemistry, 
C.S.I.R.O. 125 made a preliminary examination of several 
samples of young onion grass collected from pastures 
known to bring about romulosis paralysis with the obJect 
of determining whether any easily detected toxins may 
be present in the grass itself. Trace amount of alka-
9 2 • 
loid was found in the ~o~ms and leaves. There was also 
some evidence, though not c onclusive, for the presence of 
water soluble, presumab y quaternary, bases found in the 
leaves. 
The present investigation, also exploratory in 
nature, was carried out in collaboration with the Victorian 
Plant Research Institute, Burnley, and the Veterinary 
Research Institute, Parkville, Victoria. We were con-
cerned with the chemical aspects of the investigation 
for toxic compound{s) elaborated by H. biseptatum while 
the two Institutes would deal with the biological 
activity of the isolated material. The ultimate aim of 
the proJect is to locate the compound(s) responsible for 
the described physiological symptoms, and to define their 
structures. 
(11) Characterization of metabolites 
The strains used in this study were supplied by the 
Victorian Plant Research Institute. Th~ee cultures were 
grown in a Czapek-Dox medium using R6 1 / 65, an isolate 
from infec ed onion grass obtained in 965, R6 1/66, a 
second isolate from infected onion grass obtained in 
1966, and R6 la/65, obtained from two conidia of R6 1/65. 
Initially a Czapek-Dox medium for the production of 
metabolites from the above three strains was chosen. 
Isolation of metabo ites is thus simplified relative to 
growth on a complex medium, although production of the 
true toxin on such a chemically-defined medium is not 
g aranteed. R6 1 / 65 and 1/66 were shake-cultured for 16 
days at 25 ° while R6 la / 65 was harvested on the 14th day. 
9 3 . 
The mycelia mass in ea c h c ase was sepa r ated by filtration 
and dried at room temperature. The dried mycelium was 
fine y powdered and extracted in a Soxhlet apparatus first 
with petroleum ether ( 40-60 °) , then diethyl ether and 
finally ethyl acetate. Each of these fractions was indi-
vidually examined. The culture filtrate of R6 1/65 and 
1/66 was adJusted to pH 5-6 while that of R6 la/65 to 
pH 2. They were then extracted with ether. The processes 
used in extracting and purifying the metabolites are out-
lined in Scheme 3 and their weights are recorded in Table 
4 • 
Work was mainly concentrated on R6 la/65 because of 
the marked difference in metabolite production by this 
strain over the other two. However, some similarities 
will be discerned later on with regard to their metabo-
lites. Such strain variation is not uncommon in different 
isolates of the same microorganism, and presumably re-
flects minor genetic variability. 
The light petroleum extract of the mycelium produced 
by R6 la/65 was column chromatographed on silica gel. 
Elution with light petroleum gave a colourless lipid-like 
oil, which made up 69% of this extract. Analytical thin 
layer chromatography showed it to be homogeneous. 
compound had infrared bands at 3450, 3010 and 1748 
The 
-1 
cm 
and showed no selective ultraviolet absorption. The com-
pound therefore contained hydroxyl and ester functions 
and probably some double bond character. The nuclear 
magnetic resonance spectrum (in CDC1 3 ) was in good agree-
ment with that of 1,3-diglycerides with traces of the 
Scheme 3 
mycelium 
light petroleum extract 
silica gel 
chromatography 
(a) light petroleum eluate 
{b) ether eluate 
{c) ethyl acetate eluate 
Table 4 
VolWlle of medium (1) 
Wt of mycelium (gm) 
culture broth 
I filter 
ether extract 
1 
(a) light petroleum-
soluble fraction 
(b) red pigment 
R6 1/65 R6 1/66 
4 4 
39.91 38.04 
Light petroleum extract (gm) 2.055 2.075 
Ether extract (gm) 0.831 0.720 
Ethyl acetate extract (gm) 0.850 0.700 
Extract from medium (gm) 0.063 0.105 
, 
culture filtrate - pH2 
ether extract 
11entral 
fraction 
ethyl acetate extract 
l 
{a) light petroleum-
soluble fraction 
(b) ether- soluble 
fraction 
(c) D-ll8llllitol 
R6 la/65 
7 
63.00 
5.20 
4.22 
2.436 
3.826 
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1,2-positional 126 isomers It showed the pattern of the 
fatty acid residue along with signals for the glyceryl 
portion. The triplet (J 6.0 Hz) at T 9.12 was assigned to 
terminal methyl protons, the broad singlet at T 8.74 to 
the methylene groups of the carbon chains and the multi-
plet at T 7.99 to the methylenes adjacent to the olefinic 
protons (-CH -CH -CH=CH-CH -CH -) . 2 -2 -2 2 The triplet (J 7.0 
Hz) at 1 7.66 was assigned to the methylene protons ad-
Jacent to the ester functions. The methylene protons ad-
jacent to the terminal methyls appeared as a complex 
signal at T 8.38. The triplet (J 5.0 Hz) was ascribed 
to the olefinic protons (-CH -CH=CH-CH -) . 2 - - 2 The chemical 
shifts for the glyceryl protons in glyceryl esters have 
been examined and are 127 approximately as follows 
H2c-o, esterified 1 5.8, unesterified T 6.3; HC-O, 
esterified T 4.9, unesterified T 5.9-61. In 1,3-diglyc-
erides, the glyceryl protons are combined in one sharp 
peak at r 5.80. In our case, a sharp signal occurred at 
T 5.87 which most likely represented the five glyceryl 
protons of 1,3-diglycerides. The spectrum was not in 
good agreement with the sole presence of a 1,2-diglyceride, 
since (i) CHOCOR, where R represents a fatty acid residue, 
expected at T 4.9 was ill-defined, and (ii) if purely 
this structure, the integration of signals T 5.87: T 6.29 
would be expected to have a 1:1 ratio, whereas the calcu-
lated ratio was approximately 5:1. The weak signal at 
T 6.29, assigned to -CH OH, 
-2 therefore represented a trace 
amount of the 1,2-isomer(s ) , possibly in equilibrium with 
the maJor 1,3-isomer(s). 
9 5. 
The mass spectrum was in good agreement with a 
mixture of three, or perhaps more with some in lesser 
abundance, diglycerides. 128 Barber and Merren have 
published spectra of a number of triglycerides of straight 
chain fatty acids. Their interpretation could easily be 
extended to diglycerides. Rationalization of the spectrum 
of our diglycerides revealed three major molecular ions 
at m/e 622, 620 and 594 corresponding to l-oleo-3 -stearin 
(89), 1, 3-diolein (90) and 3-oleo-1-palmitin (91) respect-
ively. It is to be noted that the spectrum cannot define 
whether they are 1,2- or 1,3-isomers and our rationaliz-
ation is based on nuclear magnetic resonance data as dis-
cussed above. The loss of an acyloxy group from these 
molecular ions, + namely M -OCOR, gave rise to peaks at 
m/e 341, 339 and 313. Another prominent feature was 
that of the positively charged acyl ions, + RCO at m/e 
267, 265 and 239. Peaks at m/e 576, 602 and 604 were 
due to loss of water from the corresponding molecular 
ions. . h . 1 d 128 As int e trig yceri es , there was a set of 
peaks 128 mass units higher than each acyl peak at m/e 
367, 393 and 396, and these appeared to be a common feat-
ure in both types of glycerides. Associated with the 
+ M -OCOR peaks were corresponding peaks 14 mass units 
lower. 
The above spectroscopic data of the lipid fraction 
are in accord with the structures (89), (90) and (91) 
for the maJor components. Further evidence of their 
129 constitution was obtained by methanolysis of the 
mixture of diglycerides. The maJor methyl esters of the 
(89) 
(90) 
(91) 
OH 
0 
(92) 
0 
OH OH 
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fatty acid residues were found to correspond to the methyl 
esters ot authentic palmitic, stearic and oleic acids by 
gas liquid chromatography. A mass spe ctrum of the methyl 
esters showed molecular ions corresponding to methyl 
stearate (M+ 298), methyl oleate (M+ 296) and methyl 
palmitate (M+ 270). The glycerol nucleus was obtained 
as its tribenzoate which had the same melting point and 
130 infrared spectrum of authentic glycerol tribenzoate . 
The light petroleum extract also gave a small 
quantity of ergosterol, identified by comparison of its 
melting point, mass and ultraviolet spectra with an 
authentic sample. 
Latter column fractions gave long chain free fatty 
acids which were diazomethylated and identified as 
methyl stearate + (M 298), methyl oleate (M+ 296) and 
methyl palmitate (M+ 270). The infrared spectrum showed 
-1 bands at 3010 and 1745 cm in agreement with the above 
mixture of methyl esters. 
The diethyl ether extract of the mycelium produced 
by R6 la/65 gave, besides further quantities of fatty 
acids and diglycerides, a large quantity of red crystalline 
pigment, m.p. 246-248°. Together with a further quantity 
of the pigment from the ethyl acetate extract, the red 
pigment constituted 3.3% of the dry weight of the mycelium 
produced by this organism. The infrared spectrum showed 
-1 bands at 3675 and 1602 cm , together with electronic 
absorptions at 230, 257, 281, 299, 314, 476, 490, 511 and 
524 nm. The mass spectrum showed a molecular ion at 
m/e 286. 
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The nuclea£ magneti c resonance spectrum o f this pig-
ment (in DMSO-d 6 ) showed a methyl singlet at 1 7.80. Two 
doublets (J 2.5 Hz) each representing one proton, 
appeared at T 2.98 and 1 3.51. A slightly broadened 
singlet ( 1 H) also appeared at 1 2 . 90. These three sig-
nals probably represented aromatic protons. The red pig -
ment was, in fact, . 131 catenarin (1,4,5,7-tetrahydroxy-2-
methyl-anthraquinone (92)) and was identical with an 
authentic sample. The doublets constituted an AB system , 
A being the proton at C6 and B the proton at C8. The 
proton at C8 was assigned at higher field by virtue of 
the greater electron cloud associated with it through the 
carbonyl at Cl. 
Catenarin is one of the anthraquinone pigments pro-
duced by several Helminthosporium sp. Originally found 
in H. . h 132 . l . f gramineum Raben orst it was ater isolated ram 
H. . . d 133 . , 133 tritici-vulganis Nisika o and H. velutinum Link . 
It constitutes more than 15% of the dry weight of the 
mycelium of H. 
. h 1 134 f h ' catenarium Oree s er ram w ich it is 
conveniently isolated by chloroform extraction. 
The fatty a c ids from the ether extract were identi-
fied as palmitic, stearic, oleic and linoleic by gas 
liquid chromatography of their methyl esters. 
After removal of light petroleum and ether soluble 
materials from the ethyl acetate extract, a white powdery 
material was obtained. Recrystallization from methanol 
gave a white crystalline compound, m.p. 165-166 ° , which 
showed hydroxyl absorption at 3080 -1 cm in its infrared 
spectrum and identified as D-mannitol by c omparison with 
98. 
an authentic sample. 
The light petroleum extracts of the mycelium pro-
duced by R6 1/65 and R6 1/66 were complex mixtures and 
were combined because they had rather similar infrared 
and thin layer chromatographic properties. The presence 
of ergosterol could be detected by ultraviolet spectra-
scopy of the combined extract. The infrared bands at 
3650-2500, -1 3010 and 1745 cm were suggestive of fatty 
acids and diglycerides. The mixture was therefore sep-
arated into neutral and acid fractions and the latter 
examined. Diazomethylation of the acids gave methyl 
esters which were identified as being derived mainly from 
stearic, oleic and palmitic acids, by gas liquid chromato-
graphy. However, the mass spectrum of the mixture of 
methyl esters also revealed the presence of methyl 
1 l t ( M+ 2 9 4) , t f t t d d ino ea e races o sa ura e c 17 , c19 an c 20 
as well as mono- and di-unsaturated c 19 fatty acid methyl 
esters (M+ 284, 312, 308, 310 and 326 respectively). Un-
fortunately, the position of the double bonds cannot be 
determined directly. This is because cis- and trans-
isomers, as well as the positional isomers, give nearly 
identical spectra. Furthermore, intensity of mass peaks 
is too unreliable in a mixture for correlative purposes. 
The large peaks in the spectrum of mixed esters have the 
formula and represent ions formed by 
simple cleavage of the chain. 
No further work was done on the neutral fractions 
of the petroleum ether extract of the rnycelium of R6 1/65 
and R6 1/66. Analytical thin layer chromatography, 
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however, showed that the major component corresponded to 
the diglycerides obtained from R6 la/65. 
The culture filtrate of the three strains contained 
predominantly stearic, oleic and palmitic acids. 
(iii) Bioassay 
1 . . 124 h h .. A pre iminary investigation on t e pat ogenicity 
of H. biseptatum showed that inoculation of healthy 
seedling plants of R. rosea with a pure culture of the 
isolant produced lesions in the leaves characteristic 
of those occurring in the toxic pasture, and from which 
the fungus could be re - isolated. Furthermore, oatmeal 
culture of the fungus fed to mice and guinea pigs caused 
a reduction in the breeding efficiency of the animals , 
the effect being somewhat surprisingly related to the 
124 female mice and male guinea pigs . 
Our chemical work had progressed to the preliminary 
stage described earlier , because an efficient bioassay 
would be needed to serve as a guide as to where the 
biological activity was before doing more separation 
work. The overall biological testing results carried out 
so far by the Victorian Plant Research Institute and the 
Veterinary Research Institute are briefly described. 
It was decided that it would be preferable to test 
a total chloroform extract of mycelium grown in a 
Czapek-Dox medium before trying any of the purified 
chemical compounds. This time pregnant rats were used and 
observations made on foetal development instead of preg-
nancy rates as in the case of mice and guinea pigs. 
The pregnant rats were inoculated intraperitoneally with 
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the chloroform extract of mycelium from R6 la / 65 in 
dimethyl sulphoxide. Foetal development was normal and 
no signs of toxicity and teratogenicity were observed. 
Oral administration of R6 la/65 and 1/66 cultures on 
oatmeal-water medium to pregnant mice and cultures on 
Czapek-Dox supplemented with Romulea extract to lambs 
also gave negative results. 
A few points with regard to the above testing 
results may be worth considering. 
It is quite possible that H. bisertatum grown on 
Czapek-Dox medium alone does not produce the compound(s) 
responsible for romulosis symptoms. The intraperitoneal 
tests of the chloroform extract for toxicity and terato-
genicity in pregnant rats may not detect romulosis 
activity , since the tests were quite different from the 
original positive feeding tests on mice and guinea pigs. 
The tests of oatmeal cultures fed to mice which were al-
ready pregnant also differed from the original animal 
tests , where feeding commenced well before mating. If 
the compound(s) causes inhibition of pregnancy in female 
mice, as originally indicated, then the above tests may 
not detect such activity, and the fungal cultures may 
merely appear to have lost potency. If the above comments 
are valid, then the most reliable test would seem to be 
the one on lambs. The conclusion therefore is that 
cultures grown on Czapek-Dox medium supplemented with 
R . rosea extract are not toxic to lambs. It is possible, 
however, that the factor causing toxicity and paralysis 
in romulosis is not the same as that causing infertility, 
101. 
and if this is so, the lamb tests also are not providing 
information on the presence or absence of the fertility 
control agent. Perhaps these fungal isolates have lost 
their pathogenicity in the course of time, due to a lack 
of certain essential ingredients in the culture agar 
medium, a phenomenon well known in mycotoxin research. 
Inhibition of chlorophyll development in the green 
alga Chlorella has been used to detect cytotoxicity. 
Application of this test to the total culture of R6 la/65 
and R6 1/66 grown on semi-synthetic broth showed relatively 
weak activity. No significant chlorophyll-inhibitory 
activity was detected in any of the purified compounds 
from R6 la/65. However, application to a more recent 
H. biseptatum isolate R4 1/70 taken from infected onion 
grass in 1970 showed very significant chlorophyll-
inhibitory activity. 
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EXPERIMENTAL 
General Information - as for Chapter 2. 
Analytical gas liquid chromatography (glc) was 
carried out on a glass column, 6 ft. x 0.25 in., with 
60-80 mesh Chromosorb W, using 10% ethylene glycol 
succinate (EGS) as the liquid phase at 175° on a Perkin-
Elmer 881 Gas Chromatograph. 
Production and isolation of metabolites of H. biseptatum 
For the production of metabolites, R6 1/65, la/65 
and 1/66 were grown at 25° in a Czapek-Dox medium 
(suppl ied by Difeo Laboratories, Detroit, Michigan) of 
the following composition (ingredients per litre): 
saccharose, Difeo (30 gm), sodium nitrate (3 gm), di-
potassium phosphate (1 gm), magnesium sulphate (0.5 gm), 
potassium chloride (0. 5 gm), ferrous sulphate (0. 01 gm), 
zinc sulphate (0. 0lgm) and cupric sulphate (0. 005 gm) 
R6 1/65 and 1/66 were each cultured in twenty 
250-ml conical flasks containing 200 ml medium of the 
above composition for 16 days. Another forty flasks were 
likewise prepared for R6 la/65 and shake-cultured for 
14 days. The culture medium had a rather constant pH 
of 7.0-7.5 throughout the period of growth. At the 
end of the growth period, the mycelial mass was filtered 
and left to dry at room temperature and finally finely 
powdered. The powdered mycelium was continuously ex-
tracted in a Soxhlet apparatus, first with petroleum 
ether (40-60 °) followed by ether and ethyl acetate. 
Conditions of extraction for R6 1/65 and 1/66 were 
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identical with respect to the volume of solvent used and 
the duration of extraction. No adherance to such condit-
ions was adopted for R6 la/65. The pH of the culture 
filtrate was adjusted to ca. 6 (for R6 1/65 and 1/66) and 
2 (for R6 la/65) before extraction with ether. The re-
sultant aqueous medium (7 litres) of R6 la/65 was freeze-
dried to give solid material (87 gm). The aqueous portions 
of the other two were discarded. The weights of mycelium 
and extracts are tabulated in Table 4. 
Purification of metabolites of R6 la/65 
The light petroleum extract (1 gm) was column 
chromatographed on silica gel. Elution with light 
petroleum-ether (1:1) gave colourless oily lipids (690 
mg) , v 3450, 3010 and 1748 -1 cm , without select-
ive u.v. maxima. Further elution with ether gave 
ergosterol (5 mg), m.p. 161-163° (ethanol); A (ethanol) 
262, 272, 282 and 294 nm; + M m/e 396. The final elution 
with ethyl acetate gave long chain fatty acid (120 mg) 
characterized via their methyl esters. 
The ether extract gave red pigment which on re-
crystallization from ethanol appeared as red crystalline 
needles (1. 482 gm), m.p. 246-248°; 
1600 -1 cm ; (ethanol) 230, 2 5 7, 
490, 511 and 524 nm; + M m/e 286. 
V (CHC1 3 ) 3675 and 
281, 299, 314, 476, 
The mother liquor was 
stripped of solvent and then extracted with light petrol-
eum to give a colourless oil (1.846 gm) leaving behind a 
further quantity (334 mg) of the red pigment. The colour-
less oil (557 mg) was treated with 5% sodium bicarbonate 
solution (3 x 100 ml) and ether (100 ml). The emulsion 
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was centrifuged at high speed and the two phases then 
separated. Acidification of the aqueous phase with 5% 
sulphuric acid gave the first fraction of acid (5 mg). 
The organic phase was subsequently treated in like manner 
with 5% sodium carbonate and 5% sodium hydroxide solution 
to give two more acid fractions (174 mg) and (5 mg) 
respectively. The major acid fraction 
diazomethylated and analysed by glc, v 
1745 cm-l 
(174 mg) was 
(CC1 4 ) 3010 and 
The ethyl acetate extract was fractionated into 
light petroleum-soluble material (1.178 gm), ether-
soluble (649 mg) and a white powdery material as the 
residue. The petroleum ether and ether fractions corres-
ponded to lipid and pigment fractions respectively. The 
white powdery material was recrystallized from methanol 
to give a crystalline compound (16 mg), m.p. 165-166°. 
Its i.r. spectrum was identical to that of authentic 
D-mannitol (m.p. 166°). 
Purification of metabolites of R6 1/65 and 1/66 
The light petroleum extracts from R6 1/65 and 1/66 
had similar tlc and i.r. properties and were therefore 
combined, v (Ccl 4 ) 3650-2500, 1715 and 1 745 cm-l; >. 
(ethanol) 208, 225, 246, 260, 266, 273, 283 and 294 nm, 
indicative of the presence of some ergosterol in the 
mixture. The mixture was fractionated into three acid 
fractions (189 mg), (1. 62 gm) and (40 mg) by a similar 
procedure mentioned above. The neutral fraction (1.76 
gm) was a colourless lipid-like material having close 
tlc properties with the neutral fraction of R6 la/65 
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obtained by column chromatography. The major acid fraction 
wa s diazomethylated and analysed by glc. 
Metabolites from the culture medium 
The extracts obtained by ether of the culture medium 
of R6 1/65, la/65 and 1/66 were fractionated into neutral 
and acid fractions. The acids were diazomethylated and 
analysed by glc. The neutral fractions closely resembled 
the above neutral fractions a nd were not examined. 
Methanolysis of neutral lipid from R6 la/65 
The neutral lipid (43 mg) was treated with 5% 
methanolic hydrogen chloride (10 ml) end left overnight 
at room temperature. Methanol (25 ml) was added followed 
by the addition of neutralizing agents NaHCO 3 :Na 2 co 3 :Mgso 4 
(2 : 1 : 2) . After filtering and removal of the solvent, 
ether was added to extract any neutral material present. 
The material (38 mg) was analysed by glc. 
The ether-insoluble material (6 mg) was dissolved 
in some methanol and its tlc properties compared with 
glycerol in the solvent system ether-methanol (2: 1). 
had identical Rf values of 0.5. 
Glyceryl tribenzoate 
Both 
The ether-insoluble material from above was dissolved 
in pyridine (0. 5 ml), cooled in ice, and benzoyl chloride 
(0.5 ml) added. The mixture was left for 2 hr. Treat-
ment with 5% sulphuric acid dissolved the pyridine salt 
and precipitated out the tribenzoate. This was washed 
with 5% sodium bicarbonate solution, water and finally 
recrystallized from methanol to give colourless crystalline 
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glyceryl tribenzoate, m.p. 73-74° (Lit. 130 72°) having 
identical i.r. spectrum with an authentic sample. 
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CHAPTER 5 
DIKETOPIPERAZINES FROM STREPTOMYCES A 27834 
( i) Introduction 
In the course of production of narbomycin from an 
unidentified narbomycin-producing strain, Streptomyces 
A 27834 in a peptone N-Z-amine starch medium, a mixture 
of diketopiperazines was also isolated. This mixture 
of diketopiperazines, together with narbomycin, was 
isolated from the culture filtrate at pH 8-9 on extraction 
with ethyl acetate. The mixture was separated and their 
components identified. 
The frequent isolation of diketopiperazines, 
. 1 1 1 1 . d . (93)135-139, particu ar y L- eucy -L-proline anhy ride 
from microbiological fermentations has been reported and 
140 doubt has been expressed as to whether they are 
genuine metabolites or merely artefacts. Studies in some 
( 135,137 . laboratories claim that 93) cannot be isolated 
from unfermented culture medium while others have noted 
its presence in unfermented peptone and cornsteep liquors, 
together with smaller amounts of other diketopiperazines. 
In our case, an attempt to isolate the mixture of diketo-
piperazines from the unfermented sterilized peptone N-Z-
amine starch medium failed and we tend to regard them as 
genuine metabolites. As microbes are quite capable of 
protein hydrolysis it is likely, indeed probable, that 
the diketopiperazines may arise during fermentation. 
L-leucyl-L-proline anhydride (93), L-phenylalanyl-L-
proline anhydride (98) and L-prolyl-L-valine anhydride 
(95) from the cultured broth of Rosellinia necatrix have 
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retardative activity for the growth of plant seedlings and 
138 plant roots . 
(ii) Characterization of diketopiperazines 
Diketopiperazine A was a colourless nitrogen-containing 
crystalline compound, m.p. 158-161°, soluble in chloroform, 
acetone and alcohols but sparingly soluble in benzene, 
ether and petroleum ether. It was optically active, 
[a] 2 2 
D 
162° (c O .11 in chloroform). The infrared spectrum 
in chloroform showed bands at 3400 cm-land 1670 cm-l 
indicative of an amide structure. Only end absorption 
was observed in its ultraviolet spectrum. Its mass 
spectrum showed a molecular ion at m/e 210 and coupled 
with elementary analysis gave a molecular formula 
Another white crystalline material having a wide 
melting point range 215-222° was also isolated. It was 
a mixture of related diketopiperazines and named Diketo-
piperazine B mixture. Its infrared spectrum showed bands 
at 3660, 3380, 1670 and 1600 cm-l indicative of an amide 
structure. Indication of some aromatic character by the 
1600 -1 cm was substantiated by a weak ultraviolet absorp-
tion at 282 nm. 
(a) Acid hydrolysis and detection of amino acids 
Vigorous acid hydrolysis of Diketopiperazine A gave 
two amino acids which were identified as L-leucine and 
L-proline by thin layer chromatography on comparison with 
authentic materials. One or two minor components were 
also detected but were not identified. The hydrolysate 
was then converted to the N-trifluroacetyl(N-TFA) n-butyl 
109. 
esters
141 
which were analysed by gas liquid chromatography 
aga inst the corresponding derivatives of authentic amino 
acids. This confirmed the identity of the two amino acids 
in Diketopiperazine A to be L-leucine and L-proline. Two 
very minor components were also detected and identified 
as those derived from glycine and L-valine. Diketopiper-
azine A was thus identified as L-leucyl-L-proline anhydride 
138 Reported L-leucyl-L-
proline anhydride has m.p. 160-161°, with an optical 
rotation of [a]~O - 141° (in ethano1) 1601161 . 
Diketopiperazine B mixture was also subjected to 
vigorous acid hydrolysis followed by the conversion of 
the hydrolysate to the N-TFA n-butyl esters for glc 
analysis. The hydrolysate was found to contain L-valine, 
glycine, L-leucine and a trace amount of L-proline. The 
identity of the diketopiperazines present in B can only 
be inferred from other spectroscopic data to be discussed 
below. 
(b) Spectroscopic evidence 
The mass spectrum of Diketopiperazine A (L-leucyl-
L-proline anhydride) had a base peak at m/e 154 (c
7
H
10
N
2
o
2 
requires 154. 1074222, Found: 154.074699) due to the loss 
of c 4 H8 . from the molecular ion, M+ m/e 210. Similarly, 
the loss of CH 3 . and c 3 H7 . respectively from the molecular 
ion gave rise to peaks at m/e 195 and m/e 167 (C
8
H
11
N
2
o
2 
requires 167.082047, Found: 167.081584). The impurities 
in A could possibly be glycyl-L-proline (94), whose molec-
ular ion at m/e 154 coincided with the base peak m/e 154 
derived from M+ 210, and L-prolyl-L-valine anhydride 
( 93) 
(95) 
(97) 
CH · 2 
OH 
( 99) 
( 94) 
(96) 
(98) 
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( 138,139 . 95) recognised by the ion at m/e 196. 
Its nmr spectrum (in CDC1 3 ) showed a multiplet (1 H) 
at T 3.24 for the amido proton. The multiplet (2 H) at 
T 5 . 96 represented the protons at Cl and C4 while another 
multiplet (2 H) at T 6.42 was assigned to the methylene 
protons adjacent to the nitrogen at the 3-position. The 
two doublets, each having a coupling constant of 6.0 Hz, 
at T 8 . 97 and T 9.01 were due to the two methyls in the 
isopropyl side chain. The remaining methine protons 
in (93) appeared between T 7.4-8.7. The identity of 
Diketopiperazine A as L-leucyl-L-proline anhydride was 
thus confirmed. 
The nmr spectrum (in CDC1 3 ) of the Diketopiperazine 
B mixture showed two broad signals at T 3.16 and T 3.38, 
exchangeable with n 2o, and could be ascribed to two 
different types of amido protons as expected in a mixture. 
A broad signal at T 6.04 was assigned to protons flanked 
by -NHCO- and -CONH- as found in diketopiperazines. The 
complex signals above T 7.0 were indicative of the 
presence of numerous methyl, methylene and methine protons 
which could only be explained in the light of mass spectra-
scopy. Together with the identification of the presence 
of L-valine, glycine, L-leucine and a trace amount of L-
praline during acid hydrolysis of B, the mass spectrum of 
the parent mixture revealed the presence of glycyl-L-
leucine anhydride (96), glycyl-L-valine anhydride (97) 
and glycyl-L-proline anhydride (94) as major components 
with trace amount of L-phenylalanyl-L-proline anhydride 
(98) 138 and L-prolyl-L-tyrosine anhydride (99). 
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Ions at m/e 155, 127, 114 and 113 were due to loss 
m/e 170 corresponding to (96). The molecular ions at 
m/e 156 and 154 were assigned to (97) and (94) respect-
ively. The loss of CH 3 . from m/e 156 (97) gave m/e 141. 
The molecular ions at m/e 244 and 260 were assigned to 
(98) and (99) respectively, in order to account for the 
-1 infrared band at 1600 cm and the weak ultraviolet 
absorption at 282 nm. L-phenylalanine and L-tyrosine, 
however, were not detected in the hydrolysate, implying 
a trace amount of (98) and (99) in the parent mixture B. 
Only the ion at m/e 244 was accurately measured and found 
to correspond to the molecular formula c
14
H
16 N2o2 (re-
quires 244.121170, Found: 244.121079) as required for 
( 9 8) • 
The above chemical and spectroscopic evidence re-
vealed the production of at least seven diketopiperazines 
in the culture fermentation in a peptone N-Z-amine starch 
medium by a narbomycin-producing streptomycete. Only L-
leucyl-L-proline anhydride (93) was isolated in sufficient 
quantity and of a fairly high degree of purity. The re-
maining six diketopiperazines were present as a mixture 
and tentatively identified as glycyl-L-proline anhydride 
(94), L-prolyl-L-valine anhydride (95), glycyl-L-leucine 
anhydride (96), glycyl-L-valine anhydride (97), L-phenyl-
alanyl-L-proline anhydride (98) and L-prolyl-L-tyrosine 
anhydride (99). 
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EXPERIMENTAL 
General Information - as for Chapters 2 and 3. 
Analytical glc was carried out on a Perkin-Elmer 
881 Gas Chromatograph using a 10% EGS column at 182°. 
Production, isolation and purification of some metabolic 
products from the culture filtrate of Streptomyces sp. 
A 27834 
Fermentation inoculum was prepared by adding sus-
pensions of sporulated slant cultures of Streptomyces 
sp.A 27834 to three 250-ml conical flasks, each containing 
50 ml of a medium of the following composition: glucose 
(20 gm) , Wades cornflour (10 gm), Difeo protease peptone 
(30 gm) , N-Z amine A (4 gm), magnesium sulphate (5 gm), 
molasses (5 gm), calcium carbonate (2 gm) per litre of 
distilled water. After incubation for 2 days at 28° on 
a rotatory shaker, 5 ml of the heavy spore suspension 
were inoculated into each of twenty seven 250-ml flasks 
containing 100 ml of the medium. The culture was incub-
ated for 5 days at 28° on a rotatory shaker and then 
harvested. The medium was separated from the mycelium 
by high speed centrifugation and the pH adjusted to ca. 
9. Extraction with ethyl acetate gave material (514 mg) 
which was chromatographed on alumina. Elution with ether 
gave a fraction (254 mg) which revealed a major component 
by tlc and identified as narbomycin by m.p., i.r. and 
u.v. Further elution with chloroform gave another 
fraction (114 mg) which was recrystallized from ether and 
sublimed to give Diketopiperazine A, m.p. 158-161°, 
[a) 22 - 162° (c 0.11 in chloroform); D 
-1 1670 cm 
V ( CHCl 3 ) 3400 and 
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Elution with ethyl acetate gave a white solid, 
Diketopiperazine B mixture (34 mg), m.p. 215-222 °, v 
3660, 3380, -1 1670 and 1600 cm ; 
absorption at 282 nm. 
Hydrolysis of Diketopiperazine A 
weak u.v. 
Diketopiperazine A (4 mg) and concentrated hydro-
chloric acid (2 ml) in an evacuated sealed glass tube 
were heated at 115° for 20 hr. The hydrolysate was then 
evaporated down to dryness. Tlc on Kieselgel using the 
solvent system 1-butanol-acetic acid-water (4:1:5) re-
vealed two major and one minor coloured spots by ninhydrin 
spray. The two major components were identified as L-
leucine (Rf 0. 55, red) and L-proline (Rf 0. 26, yellow) 
by comparison with authentic material. 
N-Tr ifluroacetyl(TFA) n-butyl esters of the hydrolysate 
of Diketopiperazine A 
The above hydrolysate was treated with 1.25 N 
methanolic hydrogen chloride (2 ml) for 30 min. at room 
temperature, and then reduced down to dryness. The 
dried residue was treated with 1.25 N butanoic hydrogen 
chloride (2 ml), heated at 100° 1 for 22 hr. and again re-
duced to dryness. Methylene chloride (2 ml)and trifluro-
acetic anhydride (0.5 ml) were added to the dried 
residue. The mixture was introduced into a thick glass 
tube, evacuated and sealed. The acylation was done at 
100° for 1 hr. The solvents were removed and the N-TFA 
n-butyl derivative(s) analysed by glc. Two major compon-
ents in approximately equal proportions were identified 
as derivatives derived from L-leucine and L-proline. Two 
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other minor components were also identified as deriving 
from L - valine and glycine. 
N- TFA n-butyl esters of the hydrolysate of Diketopipera-
z ine B 
Diketopiperazine B was hydrolysed and derivatised 
in the manner as described above. Glc analysis showed 
the presence of derivatives of L-valine, glycine and L-
leucine in the ratio 1:1:2 together with a trace 
quantity of L-proline. 
PART III 
ANTICAPSIN 
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CHAPTER 6 
A PRELIMINARY SYNTHETIC INVESTIGATION 
( i) Introduction 
Anticapsin, a new biologically active metabolite, 
was isolated in 1970 from the culture filtrate of 
. l 142 Streptomyces griseop anus . The metabolite inhibits 
the formation of hyaluronic acid capsules of Strepto-
coccus pyogenes. The hyaluronic acid capsules of micro-
organisms of the Streptococcus Group A are thought to 
contribute to the virulence of the organism. 
Analytical data revealed an empirical formula 
c 9 H13No 4 for the white crystalline metabolite and were 
confirmed by accurate mass measurement of its N-acetyl 
h 1 d . . 143 met y ester erivative . It melts at 240° with de-
composition and is quite stable at room temperature bet-
ween pH 4.0 and 7.5. Electrometric titration showed 
the presence of two titrateable groups with pK 4.3 and 
a 
10.1 in 66% DMF, typical of an a-amino acid. Its ultra-
violet spectrum shows a weak absorption at\ 310 nm 
max 
(E 32.4 in water) typical of certain isolated ketones. 
This lS supported by an infrared band at 1720 -1 cm 
Acid hydrolysis of anticapsin gave L-tyrosine. The 
carbon skeleton of the metabolite was thus established. 
An a,S-epoxy ketone was inferred by nuclear magnetic res-
onance spectroscopy. Optical rotatory dispersion and 
circular dichroism data, together with the above analyt-
ical and chemical data, permit assignment of the structure 
of anticapsin as (100) 143 with the positional relationship 
of the epoxy ketone function and the side chain as shown. 
0 
(100) 
0 
\ H 
\ 
H 
CH2 I 
CH3 O Ctl 
CHt-NH / CO-
+ I 2 
N~ 
( 101) 
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Anticapsin is chemically related to bacilysin (101) 144 , 
an antibiotic from Bacillus subtilis, and has been shown 
to be identical to the epoxy-keto amino acid obtained by 
cleavage of bacilysin. 
This final part of the thesis deals with a prelim-
inary synthetic investigation of anticapsin. A success-
ful synthesis of anticapsin could be extended to the 
synthesis of bacilysin. Although the synthesis itself 
has not yet been achieved, numerous interesting compounds 
were encountered en route. The present work further 
demonstrates certain inherent difficulties which need to 
be overcome to achieve the synthesis of a seemingly 
simple compound like anticapsin. 
(ii) Carbon skeleton and functionalities 
. d 1 . f . . . 143 Acid hy ro ysis o anticapsin gave L-tyrosine , 
the asymmetric centre in which is therefore related to 
the corresponding asymmetric centre in anticapsin. It 
is only natural that an approach to the synthesis of 
this biologically active compound should utilize L-
tyrosine as a precursor since it contains all of the 
carbon atoms that are present in the end product, and 
furthermore fixes the stereochemistry of one of the 
asymmetric centres. 
The reduction of phenol ethers by sodium and 
alcohol in liquid ammonia to 2,5-dihydro derivatives 
readily convertible to a , S-unsaturated ketones, extensive-
ly investigated by Birch 92 , provides a possible route to 
an a, S-epoxy ketone, a functionality as required in anti-
capsin. The stereochemistry of the newly generated 
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asymmetric centre bearing the side chain relative to that 
of the epoxy ketone cannot be predicted at this stage. A 
stereornodel of 4-substituted cyclohex-2-enone, the pre-
ferred conformation of which would be expected to have 
the 4-substituent quasi-equatorial, indicates that the 
more likely site for a direct epoxidation reaction is 
probably trans with respect to the 4-substituent, since 
approach of the reagent is thus somewhat less hindered. 
Thus a synthetic a,B-unsaturated ketone might be expected 
to yield the relative stereochemistry of anticapsin in 
the ring system. Starting from 0-alkyl-L-tyrosine, one 
would then obtain a mixture of two diastereomers, 
separable by standard methods without requiring resolution, 
one of which would be anticapsin itself. 
(iii) 0-alkylation of L-tyrosine 
The synthesis of alkyl ethers of tyrosine has been 
145 
reported by Weiss and co-workers . Their method re-
quires the protection of the amino group by formylation, 
and the overall yield of the three-step method is 30-40% 
(as the hydrochloride). This route was not followed. 
The . f d ' h 146 . action o iazomet ane upon tyrosine has been shown 
to lead to a mixture of methyl esters which includes that 
of methoxy-phenylalanine, but the process is obviously 
unsuitable for preparative purposes. 
Selective 0-methylation of L-tyrosine has hitherto 
not been reported. The possibility of direct met h ylation 
of the phenol as its anion, wit h out protection o f the 
amino group, was studied. L-tyrosine in cqueous sodium 
hydroxide was treated with dimethylsulphate at 80 ° for 
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1 2 hr . When the pH was adjusted to ca . 7.5, a white pre-
cipitate was obtained which, according to analytical, mass 
and nuclear magnetic resonance spectral data, was a 1:1 
mixture of L-tyrosine and N-methyl-L-tyrosine. In view 
of the ability of dimethylsulphoxide to enhance base-
1 d d . 147 cata yse con ensations , it seemed worthwhile to re-
peat the reaction in this solvent. No precipitate was 
obtained after pH adjustment to ca . 7.5 as in the previous 
case. No attempt was made to identify the material, and 
the direct 0-methylation approach was abandoned. 
Solar and Schumaker 148 had selectively 0-alkylated 
L-tyrosine in aqueous sodium hydroxide and dimethylsulph-
oxide with the appropriate alkyl halide (usually bromide) 
at an elevated temperature. 0-hexyl-L-tyrosine (102) was 
obtained in approximately 72% yield, slightly contaminated 
with 0-hexyl-N-hexyl-L-tyrosine according to mass spectral 
analysis. The compound was used without further purific-
ation. 
(iv) The problem of solubility and intramolecular Michael 
addition 
No reduction of 0-hexyl-L-tyrosine was observed with 
sodium (c.a. 40 equivalents relative to substrate) in 
liquid ammonia in the presence of methanol, since starting 
material was recovered almost quantitatively. The above 
reduction was repeated using tertiary butanol-tetrahydro-
furan as the solvent system. Again, no reduction was 
observed. The failure of the reducing system to effect 
reduction was probably due to poor solubility of 0-hexyl-
L-tyrosine in the system employed. Reduction was there-
CH2 I 
+ CH 
NH/ 'co-
3 2 
{ 102) 
0 
( 1040) R=OCH3 
(104b) R=CH3 
CH2 
R-NWjH-...COt 
( 103o) R= COfH3 , R'-{cHt 5cH3 
( 103b) R-=COCH3, R1 = CH3 
0 
CHz I 
CH 
c~~cNH"''" 'c~cH3 
0 
c~ I 
( 105) 
.,,c~ 
C~02CNH co2c~ 
(106) 
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fore conducted in ethylamine, because of the good solubil-
ity of the substrate in this medium, adding lithium at 
-78°. The relative molar ratio of substrate to lithium 
was the same as before. No starting material remained 
as judged by the absence of the chromophore of the aromatic 
system in the ultraviolet. An attempt to make a copper 
chelate of the zwitterionic reduction product, a procedure 
analogous to that employed in isolating L-1,3-cyclohexa-
d . l l . 150 iene- -a anine , was not successful. 
To facilitate work-up and improve solubility in the 
reducing system, O-hexyl-N-carbomethoxy-L-tyrosine (103a) 
was prepared by treating O-hexyl-L-tyrosine with methyl 
chloroformate in aqueous sodium hydroxide. The carbamate, 
obtained as a white oil in quantitative yield, was 
characterized via its methyl ester. The carbamate readily 
dissolved in methanol and ammonia and was accordingly re-
duced in this system in the presence of sodium (ca. 56 
equivalents relative to substrate). Cold acid hydrolysis 
to remove the enol ether and subsequent diazomethylation 
gave hexanol and two reduction products identified as 
1, 2-dicarbomethoxy-6-oxo-octahydroindole ( 104a) in 9% 
yield and an equilibrium mixture of cyclohexenones (105) 
in 44% yield. The equilibrium mixture was not separable 
by thin layer chromatography. 
The bicyclic product (104a), an intramolecular 
Michael addition product of the a,8 -unsaturated ketone 
component of the equilibrium mixture (105), was formed 
by either acid or base catalysis . It was extremely 
stable to acid and base at high temperature with no ring 
120. 
opening to the equilibrium mixture. The infrared bands at 
1750 , 1198 and 1180 
carbonyls) and 1715 
-1 
cm 
-1 
cm 
(N-carbomethoxy and methyl ester 
(6-membered ketone) together 
with analytical and mass spectral data were in agreement 
with the proposed structure (104a) . The bicyclic system 
generates two asymmetric centres at the fused ring junction 
which could lead to four stereoisomers . This mixture of 
ste r eoisomers was revealed by three distinct singlets at 
T 6 . 24 , 6 . 26 and 6.31, possibly also obscuring other 
singlets of minor components, corresponding to the methyl 
and carbamate ester groupings of the various isomers 
present . The two protons immediately adjacent to the 
nitrogen occurred as a multiplet between T 5.4-6.0 while 
the remaining methine and methylene protons appeared 
between T 6.8-9 . 0. 
The equilibrium mixture (105) showed an infrared 
band at 3430 cm-l (NH) with the carbonyls of the methyl 
ester , carbamate and cyclohexenone appearing as a broad 
-1 band at 1720 cm . The nuclear magnetic resonance spectrum 
(in CDC1 3 ) of the equilibrium mixture revealed two double 
doublets, one at T 3.06 (J 4.0 and 11.0 Hz) and the other 
at T 3 . 98 (J 2.0 and 11.0 Hz), corresponding to the S 
and a olefinic protons in the a,S-unsaturated keto compon-
ent of the equilibrium mixture. The multiplet at T 4.46 
was assigned to the olefinic proton in the unsaturated 
component. The composition of the equilibrium mixture 
was determined by considering the ratio of the integrated 
values for signals at T 3.06 (or T 3.98) to T 4.46. The 
ratio of the a, S - to S , y -unsaturated keto component in 
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the equilibrium mixture was approximately 1:4. The carb-
amate and methyl ester signals of the minor component 
appeared at r 6.23 and T 6.30 as singlets. The major 
component had the corresponding groups at T 6.25 and 
T 6.32. The multiplets at 1 4.78 and 1 5.52 were due to 
the proton on nitrogen and the proton flanked by nitrogen 
and the methyl ester in the two components respectively. 
Th2 methylene and methine protons appeared between T 
7.0-8.3. 
The equilibrium mixture (105) showed a molecular 
The ion at m/e 180 
(c 10 H12 o 3 ) was due to loss of carbamic acid methyl ester 
from the molecular ion. Cleavage of the bond between 
the a-carbon and the methylene carbon on the side chain 
gave two fragments at m/e 146 (C 5 H8 No 4 ) and m/e 109 
The stated compositions had been verified by 
accurate mass measurement. Reduction of the ether ring 
to the tetrahydro stage must have occurred because a 
weak molecular ion was also detected at m/e 257 corres-
ponding to the 4-substituted cyclohexanone (106). 
O-methyl-N-acetyl-L-tyrosine (103b), in which the 
nitrogen would be expected to be less nucleophilic than 
in the carbamate, was obtained from L-tyrosine by the 
150 procedure of Behr and Clarke . The method involves 
N-acetylation in aqueous acetic anhydride followed by 
0-methylation with dimethylsulphate in alkaline solution. 
The overall yield was 34%. Reduction by sodium and 
methanol in liquid ammonia followed by acid hydrolysis 
at 100° and diazomethylation gave l-acetyl-2-carbomethoxy-
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6-oxo-octahydroindole (104bJ in 50% yield. This compound 
was evidently derived from an initially-formed equilibrium 
mixture of conjugated and non-conJugated monocyclic keto 
isomers by an intramolecular Michael addition. 
The above results clearly demonstrate the undesirab-
ility in the hydrolysed reduction product of an N-acetyl 
or N-carbomethoxyl group which can function as an in-
ternal nucleophile. The acidification stage immediately 
after the Birch reduction could not be avoided because 
of the presence of the carboxylic acid anion function in 
the reduction product. In doing so, the enol ether was 
hydrolysed to the corresponding cyclohexenone mixture 
which then triggered some intramolecular cyclization. 
O-hexyl-L-tyrosine methyl ester hydrochloride was 
considered a suitable compound for a preliminary investi-
gation in which the acidification stage could be avoided 
after the Birch reduction step. Reduction of the 
compound occurred readily in methanol-ammonia-sodium. 
When the excess ammonia was removed, water was added to 
the dry residue followed by extraction with ethyl acetate. 
A white crystalline compound, m.p. 88-89 ° , was obtained 
in 49% yield and identified as the amino-alcohol (107) 
by analysis and the usual spectroscopic techniques. 
Treatment with warm aqueous acid immediately brought 
about hydrolysis of the enol ether to the cyclohexenone 
mixture, then followed by an intramolecular Michael 
addition involving only the primary alcohol to form the 
bicyclic compound (108a), obtained as its N-carbobenzyloxy 
derivative. The protonated amino function did not partic-
( 10,7) 
t 110) 
NH- R ,:; 
(108a) R•H 
{ 108b) R• C02CHfaH5 
(109) 
0 
{ 111) 
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ipate in the Michael addition reaction. 
The above results show that protonation of the amino 
function would prevent intramolecular Michael addition 
to the cyclohexenone system. The undesirable aspect of 
this reduction experiment is the reduction of the methyl 
ester to the primary alcohol function, which is an ex-
pected result. The primary alcohol could be oxidised 
back to the acid function using, for example, silver 
oxide, but this would need the protection of the amino 
function first. The N-phthaloyl protecting group (see 
section (v)) appears promising. Hence conversion of the 
amino-alcohol (107) to the N-phthaloyl-alcohol (109) 
prior to oxidation of the alcohol function is conceivable. 
Acid hydrolysis of the enol ether (110) could then lead 
to the corresponding equilibrium mixture of cyclohexe-
nones (111), with no possibility of an intramolecular 
Michael addition occurring. Attempts then could be made 
to effect conjugation of the non-conjugated cyclohexe-
none component in the equilibrium mixture. Work along 
this direction has not been attempted yet. 
The next section will discuss an N-substituted pro-
tecting group which lacks nucleophilicity. 
(v) Birch reduction of N-phthaloyl-0-hexyl-L-tyrosine 
The N-phthaloyl derivative appears possibly to 
satisfy the above condition. Phthaloyl derivatives of 
optically active amino acids prepared by direct fusion 
151 procedures have been reported , but experimental evi-
dence is lacking that the products are optically pure. 
When phthalic anhydride and D-phenylalanine were fused 
It 
I ~ 
11 
I 
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0 
together at 180 , the resulting product was found to be 
152 
optically inactive . However, active material was ob-
tained when the reaction was carried out at 145-150° 152 . 
When phthalic anhydride and L-phenylalanine were refluxed 
in toluene and a catalytic amount of triethylamine no 
. dl53 racemization occurre . This latter method was adopted 
in the preparation of N-phthaloyl-O-hexyl-L-tyrosine 
(112) starting from O-hexyl-L-tyrosine. 
The phthalimide (112) was reduced in methanol and 
liquid ammonia with sodium (ca. 70 equivalents relative 
to substrate). After acid hydrolysis and the usual work-
up the reduction product was diazomethylated and 
separated by thin layer chromatography. Besides hexanol, 
an apparently homogeneous compound was isolated in 69% 
yield. The latter material exhibited infrared bands at 
-1 3020 cm (carbon-carbon double bond), -1 1740 cm (methyl 
ester carbonyl), -1 1715 cm (carbonyl in a 6-membered 
ring) 
imide 
-1 
and 1695 cm (amide carbonyl). Since the phthal-
-1 carbonyls absorb at 1773 and 1715 cm , reduction 
may have occurred in the phthalimide portion of the mole-
cule. The presence of amide function clearly suggests 
reduction had occurred at one of the carbonyls of the 
phthalimide. The intermediate stage was probably the 
benzylic alcohol which could readily undergo hydrogeno-
lysis. Reduction of the aromatic system followed subse-
quently. 
The mass spectrum of the material showed not one 
but three compounds. Three molecular ions could be dis-
cerned at m/e 321, 319 and 317 which were tentatively 
-
( 112) 
0 
CH 
I 2 
CHOC/°" ~ 32 
( 114) 
( 116) 
0 
CH 2 
I 
CH 
CHQC/ "-3 2 
( 113) 
0 
TH2 
CHQC/~ 
3 2 
( 115) 
( 117) 
I' 
I' 
1, 
Ii 
I 
I' 
I 
125. 
assigned to stru c tures 113), (114) and ( 115) respectively. 
Evidence for reduction of the a r omatic ether to the 
tetrahydro stage has been presented in the reduction of 
N-carbomethoxy-O-hexyl-L-tyrosine where the 4-substituted 
cyclohexanon~ (106) was shown to be present. The loss 
of co 2 cH 3 . from the respective molecular ions gave rise 
to peaks at m/e 262, 260 and 258. The peak at m/e 210 
was derived from (113) and (114) by loss of the cyclo-
respectively, due to cleavage of the carbon-carbon bond 
between the a-carbon and the methylene carbon on the side 
chain. Likewise, m/e 208 was due to loss of c
7
H
9
o from 
(115). 
The nmr spectrum (CDC1 3 ) of the mixture showed a 
multiplet between 1 4.0-4.6 which was assigned to the 
various types of olefinic protons present. The proton 
between nitrogen and the methyl ester occurred as a 
multiplet at 1 4.9 . Two singlets of approximately equal 
intensity at T 6.26 and 1 6.28 were ascribed to the 
methyl ester functions. The remaining protons appeared 
between T 7.0-9.0. The position of the double bond with 
respect to the amide function was not certain, except for 
the fact that a very strong absorption occurred at A 
217 nm in the ultraviole t which may indicate conjugation. 
Because of the large excess of sodium used in the 
above reduction it was considered desirable to reduce the 
amount in the hope that a certain degree of selectivity 
for the phenolic ether ring might be possible. The re-
duction was performed in ether-ethanol-ammonia using 
-
--
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four equivalents o f sodium r elati~e to substrate. After 
acid hydrolysis and wo r k-up an 011 was obtained which 
gradually crystallized in ethanol-ether on cooling. The 
white crystalline compound, m . p . 149-151 ° showed the usual 
-1 -1 
carboxyl absorptions at 2000-3500 cm and 1700 cm in 
the infrared together with absorptions at 1645 -1 cm (amide 
carbonyl) -1 and 1598 cm (aromatic system). The aromatic 
character of the compound was further established by the 
ultraviolet · absorptions at A 278 and 284 nm (log s 5. 69 
and 5 . 61 respectively). No molecular ion was present in 
its mass spectrum. However, an ion at m/e 395 was de-
rived from a compound of molecular weight 413 by loss of 
water. The compound was, in fact, (116 ) , c 23 H27 No 6 and 
further corfirmed by elementary analysis. Diazomethylat-
ion of the diacid gave the corresponding dimethyl ester 
which gave a molecular ion at m/e 441 and showed two 
singlets at T 6.15 and 6.26 corresponding to the two methyl 
ester groups. 
The formation of (116) by a c id hydrolysis is unlikely 
under the mild conditions used. Ring opening of a 
phthaloyl group is known to occur readily under basic 
conditions . Conceivably, in our case, prior to the 
solution reaching an acidic pH in the acidification 
stage, the sodamide reacted in the aqueous medium gener-
ating hydroxyl ions which then rapidly brought about 
ring opening. 
The original system involving methanol-ammonia and 
a large excess of sodium is obviously a superior reduc-
ing system. Reduction was carried out using 17 equiva-
---
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lents of sodium relative to substrate in methanol-ammonia. 
After acidification, work-up and diazomethylation, a 
white oil was obtained which showed one maJor component 
(ca. 80-90%) by thin layer chromatography. Preparative 
tlc gave an homogeneous material which showed infrared 
bands at 3030 cm-l -1 ( carbon-carbon double bond), 1740 cm 
1700 cm-l ( amide carbonyl) and (methyl ester carbonyl), 
-1 1610 cm (aromatic system) . The mass spectrum showed 
a molecular ion at m/e 399 to which the structure (117) 
was assigned. The position of the double bond with res-
pect to the amide was again not certain . 
from the molecular ion gave m/e 340. Cleavage of the 
bond between the a-carbon and nitrogen with a hydrogen 
transfer to the nitrogen-containing fragment resulted 
in a base peak at m/e 262 corresponding to c
16
H
22
o
3
. 
Benzylic cleavage of the parent ion gave two fragments 
having ions at m/e 208 and 191, the former being the 
nitrogen-containing fragment. 
The nmr spectrum ( in CDC1 3 ) showed two singlets of 
approximately equal intensity at 1 6.26 and 1 6.31 
corresponding to methyl ester functions. The presence 
of two isomers (their ratio was approximately 1:1) could 
be inferred. The A2 B2 systems expected for the aromatic 
protons in the two isomers appeared as two complex sig-
nals at 1 2.93 and T 3.22, each representing two protons. 
The methylenes next to the oxygen appeared as two 
overlapping triplets at 1 c a. 6.1. The multiplet sig-
nals, one at 1 2. 3 and another at r 4. 26, suggested two 
types of olefinic protons. The low field signal was 
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tentatively assigned to the o~efinic proton in the a,S-
unsaturated amide isomer while the higher field one may 
belong to an isomer not involving any conjugation with 
the amide. The two multiplets at r 4.90 and T 5.25 were 
the a-proton (CH next to benzylic methylene ) signals of 
the two isomers. The remaining protons in the two iso-
mers appeared as a complex signal between r 6.4-9.2. 
It is not surprising that the selectivity of the 
reduction system is for the phthaloyl portion of the 
molecule , not the aromatic ether, in view of the more 
electron-deficient centre in the former. However, the 
phtha oyl protection on nitrogen has clearly eliminated 
the possibility of intramolecular Michael addition to 
the unsaturated ketone system. The problem of selective 
reduction of the phthaloyl ring can perhaps be by-passed 
by adding the protecting group after reduction of the 
aromatic ether ring. 
(vi) The problem of conJugation 
If the problem of intramolecular Michael addition 
of an a,S-unsaturated ketone can be overcome, the next 
stage of our work would be concerned with the conjugation 
of the S,y-unsaturated isomer present in the equilibrium 
mixture such as (105). The acid or base catalysed con-
jugation of a non-conjugated unsaturated carbonyl compound 
has been frequently used in synthetic procedures. Thee re 
have been various reports of reactions where conjugation 
was incom~lete or even where no rearrangement appeared 
t 154,155 o occur . A study of the acid catalysed equili-
bration of 4-alkyl-cyclohex-3-enones to 4-alkyl-cyclohex-
129 .. 
2-enones had been undertaken by Lewis and Williams 156 
whose results are tabulated in Table 5. 155 Soffer et al. 
155 
and Wildman et al. had earlier suggested that the 
equilibrium between (118) and (119) was governed by the 
conjugation of the carbonyl and ethylene groups and the 
possibility of hyperconjugation with the ethylenic system . 
On this basis the decreasing possibility of hyperconjug-
ation in the ketone (118) as R changes from CH
3 
to 
(CH 3 ) 3 c would be expected to decrease the stability of 
(118) with respect to (119) and so to decrease the per-
centage of (118) found at equilibrium. This argument, 
however , is in direct conflict with the results of Lewis 
and Williams which show the greatest percentage of (118) 
being found with the tertiary butyl substituent . 
Lewis and Williams suggested that steric interactions 
were responsible for the observed results in Table 5. 
In the cyclohex-2-enone system all the ring carbons 
except CS are approximately planar and the conformer 
having the equatorial R substituent is assumed to be 
the more stable as in (119a). In this conformation the 
R substituent is subject to steric interactions with the 
two hydrogen atoms at CS and with the vinylic hydrogen 
at C3. A 1,3-diaxial interaction of the hydrogens at 
C4 and C6 is also present. The S,y-unsaturated ketone, 
on the other hand, takes up a relatively non-flexible, 
flattened boat form (118a). Here the R group is subject 
to three interactions with hydrogens on adJacent carbons, 
one at C3 and two at CS, but the one involving H Sax 
would appear to be essentially negligible. In this 
Tobie 5 
~ R) Q18) (119) 
H 0 100 
CH3 30 70 
CH3 ·CH2 30 70 
(CH~f CH 40 60 
lCH~ 3-C so so 
0 0 
,< 
> 
R R 
( 118) ( 119) 
H 
H H 
H 
H H 
(11 ao} {119a) 
130. 
flattened boat form the unfavourable flagpole interactions 
of the normal boat conformation are absent, as the two 
corresponding C-H bonds at C2 and CS are approximately 
parallel. No 1,3-diaxial interac~ions are present. As 
a result of the greater steric interference in the con-
JUgated form (119a) over the non-conJugated isomer 
(118a), the latter would tend to predominate. Further-
more, as the R substituent increases in size, the differ-
ence in the stabilities of the conJugated and non-
conjugated forms should increase. This should lead to 
an increase in the equilibrium percentage of non-
conjugated isomer as is observed experimentally. 
The 4:1 equilibrium composition of non-conjugated 
to conjugated isomer in our case is a reflection of a 
greater R substituent, thus supporting the steric argu-
ments put forward by Lewis and Williams. It was not 
possible to separate the two isomers by conventional 
thin layer and gas liquid chromatographic techniques. 
Moreover, even if separation had been possible, the re-
quired conJugated isomer was present to the extent of 
only 20% in the equilibrium mixture and therefore the 
process would thus be undesirable from a synthetic point 
of view. 
(vii) Basic hydrogen peroxide reactions 
A number of methods are available for the epoxidat-
ion of an a,S-unsaturated ketone. Basic hydrogen per-
oxide lS generally used. . . d h dl57 A slightly modifie met o 
involves the use of Triton Bas the basic catalyst. The 
reaction of basic hydrogen peroxide on the equilibrium 
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mixture (105) could conceivably overcome the necessity 
of separating the two isomers, since the reagent reacts 
only with the conJugated, not the non-conjugated, isomer. 
Once epoxidation of the conJugated isomer has taken place, 
it is possible that in the presence of base, the un-
reacted non-conJugated isomer will re-equilibrate to give 
a mixture of the two isomers, and thus would ultimately 
afford complete conversion to the required epoxide. 
However, hydrogen peroxide treatment of the equilibrium 
mixture (105) in the presence of aqueous sodium hydroxide 
did not give the epoxide. Starting material and the 
cyclized product (104a) were the only two products isol-
ated as their methyl esters after diazomethylation. The 
use of 5% aqueous sodium bicarbonate or sodium carbonate 
as base also gave the same products. The formation of 
the cyclized product (104a) in the presence of a strong 
base (e.g. sodium hydroxide) probably initially involves 
the abstraction of the acidic proton on nitrogen to form 
an anion which subsequently cyclizes while existing as 
the anion of the conJugated isomer. In the presence of 
weaker bases (e.g. sodium bicarbonate and sodium carbonate) 
which may not yield the anion effectively, the carbamate 
nitrogen itself is probably sufficiently nucleophilic to 
cyclize . This is borne out by the observation of the 
presence of the cyclized product (104a) if the equilibrium 
mixture (105) was left standing for some time at room 
temperature. That no epoxide is formed, suggests that 
intramolecular cyclization involving the conJugated double 
bond is a very rapid process relative to epoxidation of 
-
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the same double bond. 
(viii) 3-Chloroperbenzoic acid reaction 
In experiments aimed at examining a synthetic route 
to an analogue of anticapsin, namely the S,y-epoxy keto 
compound (120) , the equilibrium mixture (105) was treated 
with 3-chloroperbenzoic acid in methylene chloride. The 
usual work-up and separation by thin layer chromatography 
gave two fractions , one of which is the cyclized product 
(104a). The other , a colourless oil, showed infrared 
bands at 3420 -1 cm (NH or/and OH) -1 and 1730 cm (broad, 
co) . -1 A minor band at 1790 cm was probably due to the 
y-lactone, present in trace quantity as judged by its 
intensity. The nmr spectrum (in CDC1 3 ) showed a double 
doublet (J 5.0 and 10.0 Hz) at T 3 . 17 and a doublet (J 
10 . 0 Hz) at T 3.94 indicating the presence of a conjug-
ated keto system in a 6-membered ring. The high field 
signal was assigned to the proton nearest to the 
carbonyl. Two doublets, one at T 4.12 (J 7.0 Hz) and the 
other at T 4.58 (J 9.0 Hz) were believed to be NH sig-
nals. The carbamate and methyl ester functions appeared 
as singlets at T 6.26, 6.28 and 6.32 having intensity 
ratio of 6:9:5 . The mass spectrum showed a weak molecular 
ion at m/e 271 which was tentatively assigned to a 
structure (121) as rationalized along fragmentation pattern 
of such a compound. Loss of water gave an ion at m/e 253 
which further lost methanol to give m/e 221. The ions 
at m/e 212 and 196 were derived from the parent ion by 
The peak 
at m/e 255 was also tentatively assigned to structure 
0 
( 120) ( 121) 
(122) 
., {123) 
. -
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( 12 2) in -1 view of the presence of the 1790 cm infrared 
band. The multiplet between T 5.18-6.0 was assigned to 
the methine proton adjacent to nitrogen and the ester 
function, and the hydroxyl proton. No definite assignment 
could be made for the complex signal between T 7.0-9.0. 
The mixture exhibited an ultraviolet maximum at 231 nm 
in agreement with the presence of an a , S-unsaturated 
ketone. 
Structure (122) could have been derived from (121), 
presumably catalysed by the presence of 3-chlorobenzoic 
... 
Intramolecular nucleophilic displacement of 
methanol, again an acid catalysed process, at the methyl 
ester carbonyl and epoxidation could result in (122). 
It does appear that the S , y-epoxy keto analogue (120) 
is a highly unstable compound in which S-elimination 
can readily occur. If conjugation can be effected by 
this procedure and the intramolecular nucleophilic dis-
placement reduced to a minimum by proper control of re-
action conditions, it would be of interest to prepare yet 
another analogue of anticapsin, namely the a,S-epoxy-keto-
hydroxy compound (123). Naturally, this would again in-
valve the ease of removal of an appropriate N-protecting 
group, after the epoxidation stage. 
(ix) Removal of protective groups 
Since the percentage of the cyclized product (104a) 
from the equilibrium mixture (105) could be controlled 
to a certain extent, some attention was focussed on the 
possibility of removal of the protective group on nitro-
gen . Taking into account the sensitive epoxide present 
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at some later stage in the synthesis of anticapsin, the 
conditions to be employed need necessarily be mild. The 
blocking groups which are in common use are usually re-
moved by use of an acid, a base or a reducing agent. 
Sterically hindered methyl esters can be converted 
into the corresponding acids by heating with lithium 
iodide or bromide in pyridine, 2,6-lutidine or 2,4,6-
11 .d . 1ss co i ine . The mechanism involves nucleophilic 
attack by the halide ion on the methyl carbon atom. A 
very good solvent for bimolecular nucleophilic subs-
titution is dimethylformamide. The halogenolysis by 
halide ion may be applicable to N-carbomethoxy or N-
carbobenzyloxy compounds since the carbamic acid anion 
generated in each case would decarboxylate subsequently. 
To try out the feasibility of such a reaction, N-carbo-
benzyloxy-L-proline (124) and 0-hexyl-N-carbomethoxy-L-
tyrosine (103a) were each refluxed in an atmosphere of 
nitrogen with lithium iodide in dimethylformamide for 
24 hr. No halogenolysis occurred as judged by the 
quantitative recovery of starting material. The reaction 
was repeated using thiophenoxide as a nucleophile at 
room temperature. Starting material was again recovered 
in high yield in both cases. No further work was pur-
sued along these directions. 
There exists ample indication that for suitable 
structures an enormous acceleration of ester or amide 
hydrolysis by a complexing metal ion is possible. 
the hydrolysis of some a-amino acid esters proceeds 
Thus, 
rapidly in aqueous solution in the presence of amino-
coordinating transition metal ions, for example, ++ cu 
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under circumstances which do not lead to appreciable 
hydrolysis in the absence of the 159 cation . In addition, 
++ it is known that 0.1 M Cu increases the rate of hydro-
lysis of glycine amide at pH 7.9-9.25 by a factor of at 
least 100 160 . It appears probable in these cases that 
coordination occurs between the metal cation and the a-
amino group and also the nearby carbonyl group which is 
positioned to allow weak chelation. This complex should 
be relatively susceptible to nucleophilic addition to 
the carbonyl with subsequent cleavage to form a more 
stable a-amino acid metal chelate. The extent of 
acceleration is, however, dependent on the structure of 
the amino acid esters. 
The feasibility of a mild metal ion-promoted 
hydrolysis of both the carbamate and normal ester func-
tions was tested using 0-hexyl-N-carbomethoxy-L-tyrosine 
methyl ester as a model. The model compound in aqueous 
methanol was treated with cupric nitrate and left for 
12 hr. at room temperature. No hydrolysis was observed 
as judged by the quantitative recovery of starting 
material. The reaction was repeated in the presence of 
5% sodium bicarbonate (pH ca.9) but no hydrolysis 
occurred. The failure to hydrolyse may be due to the 
immediate deposition of a light blue precipitate, prob-
ably cupric carbonate. Hydrolysis in the presence of 2 N 
++ 
sodium hydroxide and Cu only effected hydrolysis of the 
methyl ester, not the carbamate, since reacidification 
and diazomethylation gave back starting material. This 
preliminary investigation into metal ion catalysis was 
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therefore abandoned. 
Hydrazine cleavage of N-phthaloyl-0-hexyl-L-tyrosine 
occurred readily in ethanol solution at room temperature. 
The cleavage was quantitative as judged by the quantitat-
ive recovery of phthalhydrazide. 
Further synthetic investigation is in progress. 
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EXPERIMENTAL 
General information - as for Chapter 2. 
Methylation of L-tyrosine 
(a) L-tyrosine (1.82 gm, 0.01 mole) was dissolved in 
aqueous sodium hydroxide (800 mg in 8 ml water, 0.02 
mole) . Oimethylsulphate (1 ml, ca. 0.01 mole) was then 
introduced. The homogeneous solution was maintained at 
80° and left stirring for 12 hr. A white precipitate 
gradually appeared. The mixture was cooled and crushed 
ice added. When the pH was adjusted to ca. 7.5 with 
aqueous hydrochloric acid, the white precipitate was 
filtered and then recrystallized from aqueous ethanol 
(1:1 v/v) to give a white solid (831 mg), m.p. 140° (de-
composed). The solid was identified as a mixture of L-
tyrosine and N-methyl L-tyrosine in a 1:1 ratio by 
the following evidence: v (nujol) 2000-3500, 1585, 
-1 1510 cm ; A (ethanol) 280 and 287 nm; 
2.1-3.1 ( m ' + + llH, aromatic protons + CH 3 -NH 2 - + NH 3 ) , 
5.40 and 5.60 (m, each representing lH, CH next to 
benzylic methylenes), 6. 0-6. 9 (m, benzylic methylenes 
+ OH) and 7.0 + (t , J 5.0 Hz, CH 3 -NH 2 -) ; Anal. Found: 
C 59.99, H 6.34 and N 7.24, c 9 H11 No 3 :c 10 H13 No 3 (1:1) re-
quires C 60.63, H 6.43 and N 7.44. 
(b) The above was repeated in the presence of di-
methylsulphoxide (25 ml). After pH adJustment to ca. 
7.5, no precipitate was obtained. No attempt was made 
to identify the products. 
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0-n-Hexyl-L-tyrosine 
A sol tion of L-tyros1.ne (9 .1 gm, 0. 05 mole) in 
aqueous sodium hydroxide (4 gm in 40 ml water, 0.1 mole) 
was added to dimethylsulphoxide 200 ml). 1-Bromohexane 
(8.25 gm, 0.05 mole) was then added dropwise with con-
tinuous stirring and then left for 2 hr. at 80°. After 
cooling, the reaction mixture was poured into crushed 
1.ce (250 gm) and its pH was adJusted to ca. 7.5. The 
resultant precipitate was filtered off, washed with water 
and dried. The crude productwas recrystallized from 60% 
acetic acid to give a white crystalline material (9.7 
gm), m.p. 200-205° 148 (Lit. 223-224°). The product was 
essentially 0-hexyl-L-tyrosine + (M m/e 265) 
contaminated with 0-hexyl-N-hexyl-L-tyrosine 
slightly 
+ (M m/e 
3 4 9) • \) (nujol) 3300-2000, 1610, 1550, 1515 -1 cm ; 
:\ (ethanol) 278 and 285 nm; T (CF 3 co 2 H) 2. 20-3. 80 (m, 
aromatic protons + + NH 3 - ) , 5. 40 (m, CH next to benzylic 
methylene), 5.80 (t, J 7.0 Hz, -OCH 2 cH 2 ), 6.42, 6.70 
(dd, J 5.0, 15.0 and 8.5, 15.0 Hz, benzylic methylene 
protons) , 7.9-8.9 ( m' -(CH) -) 
-2 4 and 9.05 (t, J 6.0 Hz, 
terminal methyl). 
0-n-Hexyl-L-tyrosine methyl ester hydrochloride 
0-Hexyl-L-tyrosine (970 mg) in methanol (20 ml) 
was treated with thionyl chloride (2 ml). The mixture 
was left for 2 hr. at room temperature, then stripped 
of solvent in vacuo. Recrystallization from methanol-
ether gave the white crystalline compound (861 mg), 
m.p. 172-174°. v (nujol) 3240-2500, 1735, 1610, 1510 
-1 
cm ; (ethanol) 278 and 285 nm (log E 3.17 and 3.11 
r 
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respectively ) ; T ( CF 3 co 2 H) 2.30-3.40 (m, aromatic 
protons + NH 3 - ) , 5. 40 (m, CH next to benzylic methylene), 
5.80 (t, J 7.0 Hz, -O CH 2 CH 2 ) , 6.00 (s, co 2 cH 3 ), 6 . 50, 
6.73 (dd, J 5.5, 15.0 and 8.0 and 15.0 Hz r espectively, 
benzylic methylene protons ) , 7.96-8.90 ( m, -(CH ) -) 
-2 4 
and 9.06 (t, J 6.0 Hz, terminal methyl); Anal. Found: 
c 60.72, H 8.28, N 4.30, Cl 11.19, c 16 H26 No 3 c1 requires 
C 60.84, H 8.30, N 4.43, Cl 11.22. 
0-n-Hexyl-N-carbomethoxy-L-tyrosine 
0-Hexyl-L-tyrosine (1.06 gm) was treated with 2 N 
aqueous sodium hydroxide (8 ml ) and methyl chloromate 
(1.2 ml) and left stirring for 2 hr. at room temperature. 
After acidification with aqueous hydrochloric acid, the 
mixture was extracted with ethyl acetate to give a 
white o i 1 ( 1 . 12 gm) . 
0-n-Hexyl-N-carbomethoxy-L-tyrosine methyl ester 
A small portion of 0-n-hexyl-N-carbomethoxy-L-
tyrosine was diazomethylated. The corresponding methyl 
ester was essentially the only product present as 
Judged by analytical tlc. It was separated by tlc 
(benzene-ether, 2:1 ) for characterization. The white 
oil showed v (CC1 4 ) 3430, 1725 (broad), 1610, 1335, 1300, 
1180 -1 cm (ethanol) 
3.14 respectively); 
278 and 285 nm (log E 3.20 and 
of aromatic protons, J 9.0 Hz), 4.88 (d, J 7.0 Hz, NHCO), 
5.44 (m, CH next to benzylic methylene), 6.09 (t, J 
7.0 Hz, OCH 2 CH 2 ), 6.30 and 6.35 (s, co 2 cH 3 , NHC0 2 CH 3 ), 
6.98 (d, J 6.0 Hz, benzylic methylene), 8.00-8.94 (m, 
-(CH 2 ) 4 -) and 9.10 (t, J 6.0 Hz, terminal methyl); 
L 
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Anal. Found: C 63.79, H 8.20, N 3.90, c 18 H27 No 5 
requires 
C 64.07, H 8.07, N 4.15; M+ m/e 337. 
O-Methyl-N-acetyl-L-tyrosine 
To a suspension of L-tyrosine (4.5 gm) in water 
(25 ml) at 90° was added acetic anhydride (19 ml) in 
portions over a 2-hr. period. The resulting solution 
was reduced down to a syrup by rotatory evaporation in 
vacuo at steam-bath temperature. The syrupy, pale 
yellow residue was dissolved in some acetone and then 
filtered to remove a small quantity of unchanged L-
tyrosine. The resultant syrupy material was dissolved 
in water (20 ml) and was rendered alkaline with 
hydrated barium hydroxide (9.5 gm). To the alkaline 
solution was a d ded dimethylsulphate (6.3 gm) in portions 
with external cooling. It was then left stirring for 
2 hr. at 40°. The solution, after removal of some un-
dissolved barium hydroxide, was acidified with 2 N sul-
ph uric acid ( 2 5 ml) . On allowing to cool and filtering 
off the barium sulphate, an oil was obtained which 
crystallized on standing at ca. 0°. The white crystal-
line compound , m.p. 149-151° (Lit. 150150-151°) (2 gm) 
showed \) (nujol) 3320, 3400-2000, l 705, 1620, 1580, 1550, 
1512, -1 1250 cm ; >.. 
3.19 respectively); 
ethanol) 278, 284 nm (log E 3.25 and 
-NHCO-), 2. 75, 2. 96 (A 2 B2 system of aromatic protons, J 
9.0 Hz), 4.90 (m, CH next to benzylic methylene), 6.00 
(s, OCH 3 ), 6.59, 6.80 (dd, J 5.0, 14.0 and 7.0 and 14.0 
Hz respectively, for methylene protons) and 7.66 (s, 
M-t- m/e 237. 
1 
• 
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N-Phthaloyl-0-hexyl-L-tyrosine 
0-Hexyl-L-tyrosine (2 gm) and phthalic anhydride 
(1.12 gm) in toluene (25 ml) containing a catalytic amount 
of triethylamine (0.2 ml) were refluxed for 2 hr. in a 
Dean-Stark apparatus. The volatile material was then re-
moved under reduced pressure in a rotatory evaporator 
over a steam bath. The residue was acidified and then 
extracted with ethyl acetate to give a light yellow oil 
( 3 gm) . 
N-Phthaloyl-0-hexyl-L-tyrosine methyl ester 
Diazomethylation of a small portion of N-phthaloyl-
0-hexyl-L-tyrosine in ether gave essentially one compound 
as detected by tlc. It was separated by tlc (benzene) 
for characterization. The white oil showed v (film) 
1773, 1740, 1715, 1610, 1580, 1510, 1468, 1435, 1390, 
1250, 1180, 1120, 1025, 885, 760, 722 -1 cm (ethanol) 
278, 284, 293 and 302 nm (log E 4.97, 4.99, 4.80 and 
4. 73 respectively ); T (CDC13) 2.30 (m, phthaloyl 
protons), 2.96, 3.32 (A 2 B 2 system of aromatic protons, 
J 9.0 Hz), 4.91 (dd, J 7.0 and 9.0 Hz, CH next to 
benzylic methylene), 6.18 (t, J 7.0 Hz, -OCH 2 cH 2 -), 6.24 
(s, co 2 cH 3 ), 6.51 (dd, J 2.0 and 9.0 Hz, benzylic 
methylene protons), 8.1-8.9 ( m I -(CH)-) 
-2 4 and 9.12 ( t' 
J 6.0 Hz, terminal methyl); Anal. Found: C 69.98, H 
6.57, N 3.39, c24H27N05 requires C 70.40, H 6.65, N 
3 • 4 2 ; + M m/e 409. 
Copper chelate of L-1,4-cyclohexadiene-l-alanine 
L-Phenylalanine ( 1 gm) in methanol ( 2 5 ml) and 
redistilled ammonia (200 ml) was reduced in the presence 
11 
II 
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of sodium (3.6 gm). The dry residue left after removal 
of ammonia and methanol was dissolved in water (70 ml). 
The solution was adjusted to pH 5 with aqueous hydro-
chloric acid and clarified by filtration. To the solution 
was added a hot solution of cupric acetate hydrate (1.2 
gm) in boiling water (10 ml). It was chilled overnight, 
and the copper chelate was collected by filtration, 
washed first with cold water until free of chloride ions, 
then with cold absolute ethanol and ether and then dried 
in vacuo. The copper chelate (1.1 gm) decomposed at 
210°. 
requires C 52.22, H 6.28, N 6.77. 
Reduction of 0-hexyl-L-tyrosine 
(a) 0-Hexyl-L-tyrosine (1 gm) was subjected to re-
duction conditions similar to that used for L-phenyl-
alanine. No reduction occurred as judged by the quantit-
ative recovery of starting material. The failure to re-
duce was perhaps due to poor solubility of the compound 
in the reduction medium. 
(b) 0-Hexyl-L-tyrosine (1 gm) in tertiary butanol-
tetrahydrofuran (1:1 v/v, 25 ml) and redistilled ammonia 
(200 ml) was treated with sodium (3.6 gm). The poor 
solubility of the compound in the reduction medium again 
did not effect reduction with quantitative recovery of 
starting material. 
(c) 0-Hexyl-L-tyrosine (1 gm) was dissolved in 
ethylamine (100 ml) at -78°. Lithium (1 gm) was added 
and then left stirring for 5 hr. The excess lithium was 
destroyed with methanol and the ethylamine then allowed 
11 
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to evaporate overnight. No starting material was present 
as judged by the absence of any absorbing chromophores 
in the ultraviolet. However, an attempt to make a copper 
chelate of the zwitterionic reduction product was not 
successful. 
Reduction of 0-hexyl-N-carbomethoxy-L-tyrosine 
0-Hexyl-N-carbomethoxy-L-tyrosine (1 gm) in methanol 
(25 ml) and redistilled ammonia (200 ml) was treated with 
sodium (4 gm) over a period of 1~ hr. After removal of 
excess ammonia, cold 4 N hydrochloric acid was added. 
Extraction with ethyl acetate gave a light yellow oil 
(600 mg) which was diazomethylated and separated by tlc 
(ether). Hexanol (120 mg) and two reduction products 
having Rf 0. 2 ( 7 0 mg) and 0. 3 (350 mg) were obtained. 
Rf 0 . 2 : \) (CC1 4 ) 1750, 1715, 1449, 1380, 1198, 1180 and 
1128 -1 Anal. Found: C 56.39, H 6. 8 6 , N 5. 11, cm 
c 12 H17 No 5 requires C 56.46, H 6.71, N 5.49; 
+ M m/e 255. 
Rf 0.3: 
and 1065 
v (CC1 4 ) 3430, 1720 (broad), 1440, 1345, 1190 
-1 
cm ; Anal. Found: C 56.13, H 6.96, N 5.41, 
c 12 H17 No 5 requires C 56.46, H 6.71, N 5.49; M+ m/e 255. 
l-Acetyl-2-carbomethoxy-6-oxo-octahydroindole 
0-Methyl-N-acetyl-L-tyrosine (279 mg) in methanol 
(15 ml) and redistilled ammonia (100 ml) was treated 
with sodium (2 gm). Removal of ammonia gave a solid res-
idue which was treated with aqueous hydrochloric acid 
and warmed for 15 min. over a steam-bath. Extraction 
with ethyl acetate gave an oil (188 mg) which was d i azo-
methylated and then separated by tlc. The colourless 
oil (140 mg) showed v (CC1 4 ) 1748, 1720, 1660, 1435, 
r 
:, 
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(CDC1 3 ) 
5.20-6.00 (m, CHNCOCH 3 + CH(CO 2 cH 3 ) (NCOCH 3 )), 6.23, 6.24, 
1400, 1365, 1348, 1315, 1195 and 1180 -1 cm ; T 
6.27 (s, co 2 cH 3 of isomeric mixture), 6.80-8.60 (m, 
+ 
methylene protons+ NCOCH 3 ); M m/e 239. 
1,2-Dicarbomethoxy-6-oxo-octahydroindole with: 
(a) aqueous acid 
The methyl ·e ster (10 mg) in methanol (1 ml) and 5% 
hydrochloric acid (15 ml) was refluxed for 30 min. Ex-
traction with ethyl acetate gave an oil which was diazo-
methylated. The methyl ester was identified as the 
starting material by infrared and tlc. 
(b) aqueous alkali 
The methyl ester (11 mg) was treated with 5% 
aqueous sodium hydroxide and then refluxed for 30 min. 
The usual work-up and diazomethylation again gave back 
starting material. 
Reduction of O-hexyl-L-tyrosine methyl ester hydrochloride 
The hydrochloride (600 mg) in methanol (25 ml) and 
redistilled ammonia (250 ml) was treated with sodium 
( 3 . 5 gm) . Removal of excess ammonia gave a solid residue 
which was dissolved in water (100 ml) . Extraction with 
ethyl acetate gave a white solid which was recrystallized 
from light petroleum (40-60°) to give white crystalline 
plates, m. p. 88-90 ° (382 mg). The evidence to be presented 
establish the compound as the amino-alcohol (107): 
V (nujol) 3357, 3299, 1692, 1661, -1 1570 cm ; T 
4. 54 (bs, non-enol olefinic proton), 5. 42 (bs, enol ether 
olefinic proton), 6.34 (t, J 6.0 Hz, -OCH 2 cH 2 ), 6.20-7.10 
(m, - cH 2OH), 7. 26 (bs, allylic methylene on the 2, 5-
r 
I 
1 45. 
dihydro aromatic ether ring), 7.70-8.90 ( m' -CH -CH-NH + 
-2 - -2 
-(C H2 ) 4 -) and 9.10 (t, J 6.0 Hz, terminal methyl); 
Found: c 70.48, H 10.67, N 5.56, c 15 H27 No 2 requires 
C 71.10, H 10.74, N 5.53; + M m/e 253. 
Acid hydrolysis of the amino-alcohol (107) 
The amino-alcohol (100 mg) was treated with 2 N 
Anal. 
aqueous hydrochloric acid (1 ml). The smell of hexanol 
was immediately detected. The aqueous mixture was evapor-
ated down to dryness in vacuo with slight warming. The 
hydrolysed reduction product could not be extracted out 
with most of the common organic solvents. The dried 
residue was then derivatized to the N-carbobenzyloxy 
derivative (108b) using aqueous sodium bicarbonate and 
carbobenzyloxychloride (0.5 ml). The derivative, m.p. 
186-188° (from ethanol) showed v (CHC1 3 ) 3425 and 1710 
-1 
cm T (CDC1 3 ) 2.68 (s, aromatic protons), 4.94 (s, 
C6 H5 -cH 2 -OCONH-), 5.52 (m, NH-COO-), 5.80-6.60 (m, 
-CH 2 -o + CH-O-), 7. 40-9. 00 (m, remaining me thine and 
methylene protons); Anal. Found: C 66.70, H 7.04, 
N 4.81, c 17 H21 No 4 requires C 67.31, H 6.98, N 4.62; 
+ M m/e 303. 
Reduction of N-phthaloyl-O-hexyl-L-tyrosine 
(a) The phthaloyl derivative (1 gm) was dissolved 
in methanol (25 ml ) and ammonia (200 ml) Sodium (4 gm) 
was introduced. The usual work-up gave a light yellow 
oil (950 mg) which was diazomethylated. The oil (104 
mg) was separated by tlc (eth e r) to give a colourless 
material (72 mg ), Rf 0.3 and hexanol. Rf 0.3 showed 
v (CC1 4 ) 3020, 1740, 1715, 1695, 1435, 1415, 1200, 
II 
.I 
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1180 -1 cm ; (ethanol) 217 nm. 
(b) The phthaloyl derivative (1 gm) was dissolved in 
ether (75 ml), ethanol (10 ml), ammonia (200 ml) followed 
by sodium (250 mg). The usual work-up gave an oil 
(990 mg) which crystallized from ethanol-ether at -20°. 
The white crystalline compound, m.p. 149-151° (850 mg) 
showed v (nujol) 3280, 2000-3500, 1700, 1645, 1598, 1535, 
-1 1510 cm ; A (ethanol) 278 and 284 nm (log E 5.69 and 
5.61); Anal. Found: C 66.51, H 6.71, N 3.38, c23H27NO6 
requires C 66.81, H 6.58, N 3.39 corresponding to the 
diacid (116), an alkaline hydrolysis product of the 
starting material; (M - H2o), m/e 395; 
1.40-3.10 M, llH, 8 aromatic protons+ 2x COOH + NHCO), 
4 . 5 6 ( m , CH n e x t to b e n z y 1 i c me thy 1 e n e ) , 5 . 6 6 ( t , 7 . 0 H z, 
methylation of the compound gave an oil which showed 
v (CC1 4 ) 3420, 3060, 3025, 1730, 1670, 1610, 1475, 1435, 
1390, 1360, 1180, 1130, 1120, -1 1080 cm ; T 2.13 
(m, lH) and 2.54 (m, 3H) corresponding to the aromatic 
protons on the non-ether aromatic ring, 2.93, 3.21 (A 2 B 2 
system for the aromatic protons on the ether-containing 
ring, . J 9.0 Hz), 4.92 (m, CH next to benzylic methylene), 
6.10 (t, J 6.0 Hz, OCH 2 cH 2 ), 6.15, 6.26 (s, 2x COOCH 3 ), 
6.81 (d, J 5.5 Hz, benzylic methylene) and 8.00-9.20 
(m, methylene and terminal methyl protons); + M m/e 441. 
(c) The phthaloyl derivative (1 gm) in methanol 
(30 ml) and ammonia (250 ml) was reduced with sodium 
( 1 gm) . The usual work-up gave a light yellow oil (900 
mg) which contained essentially one component by tlc. 
r 
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It was separated by tlc for characterization. The colour-
less oil showed v (CC1 4 ) 3030, 1740, 1700, 1610, 1435, 
1415, 1360, 1180, -1 1130 cm ; (ethanol) 278 and 285 nm 
(log E 3.29 and 3.19 respectively); + M m/e 399. 
Basic hydrogen peroxide reaction 
The equilibrium mixture (105) (102 mg) in methanol 
(1 ml) was treated with 100 volume hydrogen peroxide 
(2 ml) in 2 N sodium hydroxide (2 ml) and then left over-
night at room temperature. The pH of the mixture was ad-
justed to ca. 6.5. Extraction of the mixture with ethyl 
acetate did not give any material. The pH was then ad-
justed to 2.0. Extraction with ethyl acetate then gave 
a white oil (90 mg) which was diazomethylated and separ-
ated on tlc. Starting material and the cyclization 
product, 1,2-dicarbomethoxy-6-oxo-octahydroindole (104a) 
were obtained, present in a 1:1 ratio approximately. 
The above reaction was repeated using 5% sodium 
bicarbonate and sodium carbonate as base. In both cases, 
the same two components were obtained. 
3-Chloroperbenzoic acid reaction 
The equilibrium mixture (105) (75 mg) in methylene 
chloride (10 ml) and 3-chloroperbenzoic acid (75 mg) was 
left overnight at room temperature, with magnetic stirring. 
The excess peracid was destroyed with 1% sodium sulphite 
solution. The 3-chlorobenzoic acid was then removed by 
washing with 5% sodium bicarbonate solution. Extraction 
of the aqueous solution with methylene chloride gave a 
colourless oil (65 mg) which was separated into two 
components by tlc. The first component (20 mg) was identi-
148. 
fied as 1,2-dicarbomethoxy-6-oxo-octahydroindole by infra-
red . The other component (32 mg) showed v (CC1 4 ) 3420, 
1790 , -1 1730 cm ; 
characterization). 
(ethanol) 
N-Carbobenzyloxy-L-proline 
231 nm (see discussion for 
L-Proline (2 gm) was dissolved in 2 N sodium hydrox-
ide (20 ml) followed by addition of carbobenzyloxy-
chloride (3 ml). The mixture was left overnight with 
stirring at room temperature. The excess carbobenzyl-
oxychloride was removed by ether extraction. The aqueous 
alkaline solution was then acidified and extracted with 
ether to give a white oil (3.6 gm) which showed v (film) 
3700-200 , 1690 (broad), 1585, 1498, 1420, 
Lithium iodide-dimethylformamide reactions 
-1 1360 cm . 
(a) N-Carbobenzyloxy-L-proline (450 mg) in dimethyl-
formamide (15 ml) was heated under reflux in an atmos-
phere of nitrogen with lithium iodide (500 mg) for 24 hr. 
The reaction mixture was cooled and then acidified with 
aqueous hydrochloric acid. Extraction with ether gave 
back starting material in quantitative recovery. 
(b) No halogenolysis was observed when the above 
reaction was tried on O-hexyl-N-carbomethoxy-L-tyrosine. 
Potassium th iophenoxi de reactions 
(a) N-Carbobenzyloxy-L-proline (502 mg) in dimethyl-
formamide (5 ml) was treated with saturated potassium 
hydroxide (0.18 ml) and thiophenol (0 . 16 ml). The 
mixture was left overnight in an atmosphere of nitrogen 
with stirring. The alkaline medium was acidified and then 
e x tracted with ether. The ether was then removed by 
L 
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warming over a steam-bath in a fume-cupboard. The total 
crude material was passed through a silica gel column. 
Thiophenolwas eluted off with benzene. Elution with 
ethanol gave back starting material (80%} . 
The use of a large excess of thiophenoxide to 
substrate also did not bring about any S 2 reaction. 
N 
(b) The above reaction on 0-hexyl-N-carbomethoxy-
L - tyrosine also gave back starting material in quantitat-
ive yield . 
Attempted cupric ion-promoted hydrolysis 
(a) 0-Hexyl-N-carbomethoxy-L-tyrosine methyl ester 
( 500 mg) in methanol (3 ml) and water (20 ml) was treated 
with cupric nitrate (500 mg) and then left overnight at 
room temperature. No hydrolysis had occurred as judged 
by the quantitative recovery of starting material. 
(b) The above was repeated at pH ca. 9 by addition 
of 5% aqueous sodium bicarbonate (20 ml) instead of 
water . Deposition of a light blue precipitate, presumably 
cupric carbonate, was observed. After 12 hr. and re-
acidification, starting material was quantitatively re-
covered. 
(c) The use of 2 N aqueous sodium hydroxide in the 
presence of cupric ions brought about hydrolysis of the 
methyl ester, not the carbamate function, since re-
acidification and diazomethylation gave back starting 
material (75%). 
Hydrazine cleavage of N-phthaloyl-0-hexyl-L-tyrosine 
The phthaloyl derivative (310 mg) in ethanol (10 ml) 
was treated with hydroazine (0.25 ml) and then left over-
I' 
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night at room temperature. The insoluble white precipit-
ate was filtered and then recrystallized from ethanol to 
give phthalhydrazide (102 mg), m.p. 340-342° (Lit. 161 
342-344 °) ; \) 
+ M m/e 162. 
(nujol) 3200-1900, 1655, 1595, -1 1550 cm ; 
151. 
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Macrolide antibiotics of the polyene subgroup1 find extensive clinical application as 
antifungal agents 2 , and may also be of value in treatment of hypercholesterolemia3 and prostatic 
4 hypertrophy Nystatin, in 1950 the first of the polyene macrolides to be discovered 5 , is the 
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Macrolide antibiotics of the polyene subgroup1 find extensive clinical application as 
antifungal agents 2 , and may also be of value in treatment of hypercholesterolemia3 and prostatic 
4 hypertrophy ystatin, in 1950 the first of the polyene macrolides to be discovered5 , is the 
one most commonly used 1n antifungal therapy, and its hypothetical aglycone has been assigned 
6 the structure (I) . We now present evidence which completes the structure (without regard to 
stereochemistry) of nystatin as (II)t. 
The attachment of mycosamine, 3-amino-3,6-dideoxy-D-mannose7 , to the aglycone (I) is 
restricted to three possible positions, C-15, -17, and -19, by the following evidence. ystatin 
reacts with lead tetraacetate by fission of the homo-allylic 35-alcohol system, subsequent 
6d 8-elimination of the 37-oxygen function then yielding tiglic aldehyde (III) . Cleavage of 
the 10,11-diol system of nystatin with aqueous methanolic periodate, followed by alkaline 
6b hydrolysis and methylation, affords the acetal methyl ester (IV) . -These products (III) and 
(IV) are obtained in similar yield from -acetylnystatin, and thus their formation does not 
involve oxidative cleavage and solvolysis of the mycosamine moiety. 
free hydroxyl functions at C-3, -5, -7, -10, -11, and -35. 
ystatin must then carry 
The chromophore of nystatin was unchanged by treatment with manganese dioxide, indicating 
the absence of a free allylic hydroxyl group. Direct evidence for a glycosidic linkage at the 
allylic C-19 position as in (II) was obtained by hydrogenation of nystatin in methanol over 
platinum oxide or palladised barium sulphate to afford free mycosamine. The sugar is released 
by hydrogenolysis, not by solvolysis or 6-elimination triggered by ketone or carboxyl functions, 
since no mycosamine was formed under these reaction conditions in the absence of hydrogen. 
* 
+ 
Part XV. R.~. Rickards, R.M. Smith and B.T. Golding, J. Antibiot., submitted for publication. 
This work was described a the Fourth ational Convention of the Royal Australian Chemical 
Institute, Canberra, August 1970. cf. Abstracts of Symposia of the Aliphatic, Carbocyclic, 
and lleterocycllc Chemistry D1vis1ons, p.73 (1970). 
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The pyranose nature of the mycosamine ring in nystatin (II) was established by 
-acetylation of the antibiotic, reduction of the ketonic function with sodium borohydride to 
prevent subsequent base-catalysed S-elimination of the sugar, and permethylation of the 
resulting -acetyl-dihydronystatin with methyl iodide and sodium methylsulphinylmethide. Acidic 
methanolysis then yielded a-methyl-N-acetyl-2 , 4-dimethylmycosaminide (V), m.p. 127-129°, vCHCl3 
max 
3435 and 1670 cm-l (-NHCOMe) . The a-methyl-pyranoside structure (V) of this product follows 
from its synthesis by methylation of authentic a-methyl-N-acetylmycosaminide7a, which has itself 
been shown to be pyranoid by degradation7a Confirmation of these pyranoid forms was provided 
by acetylation of a-methyl-N-acetylmycosaminide. The product was a-methyl-2,4,N-triacetyl-
mycosaminide (VI) as reported7a , since double irradiation established that the methyl doublet 
(J 6 . 0 Hz) at t 8.79 in its PMR spectrum (in CDC1 3) is coupled to a proton (H5) appearing as a 
doublet of quartets (J 6.0, 9 . 0 Hz) centred at t 6.10. H5 in the alternative furanoid 
8 
methyl-2,5, -triacetylmycosaminide (VII) would be expected to resonate below t S.S. 
I h 1 . k6c . h 1 . 1 d C 37 b 1 ·th th n t e ear 1er wor on nystat1n t e actone ring was c ose to - y ana ogy wi e 
smaller macrolides of the hydroxylated polyene type then known. Proof of this feature follows 
from successive oxidation of nystatin (II) with ozone and then sodium periodate in aqueous 
methanol. The product, expected to be the triol (VIII), on acetylation gave the triacetate 
(IX) and the corresponding as-unsaturated aldehyde arising by S-elimination. This last compound 
showed AEtOH 226 nm (log E 3 . 90), vCCl4 1735 cm-l (broad), significant PMR resonances (in CDC1 3) max max 
at t 0 . 56 (s, -C!2_0), 3.64 (d of m, -MeCHC!2_=CMeCHO), 4.60-5.20 (m, -C!2_(0Me)OR and 3 -C!2_0COR-), 
5.93 (m, -C!2_0R-), 6.68 (s, OC!2_3), 7.40 (m, -OCOC!2_2-), and 7.95-7.98 (m, 2 -OCOC!2_3 and 
+ 
-CH=CMeCHO), and mass spectral ions (verified by mass measurement) at !!!/~ 456 (C23H36o9 , M ) , 
+ 425 (C 22 1133o8 , M - OMe), 315 (c15H23o7 , acylium ion from ester fission) and 101 (C5H9o2 , 
cyclic ether oxonium ion). In conjunction with the known chemistry of nystatin6 , notably the 
presence of a free 35-hydroxyl function, these data define the structures of the aS-unsaturated 
aldehyde derived from (IX), the triacetate (IX) itself (!!!f~ 515, c25 H39o11 , M+ - 11), and hence 
the parent triol (VIII). 
structure (II). 
The lactone is thus closed to C-37 in nystatin, completing the 
By analogy with the recently published X-ray crystal structure of the N-iodoacetyl 
derivative of the related macrolide amphotericin s9 , crystalline nystatin probably exists in 
the hemiketal form (X). 
presented elsewhere. 
Evidence that this for:n also predominates in solut i on will be 
, 
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